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e First Object-Oriented, X-Windows Software for 
Scientific Data and Signal Analysis. 


First to Finish 

Whether it's a new product, a contract or R&D, 
we know you need to get there first...and fast. N.^Power 
gives you X-Windows ease of use and network 
interoperability. JV.^Power's plug-compatible objects 
mean productivity and flexibility 

First in Power 

N.^Power means Power Windows that go beyond 
X-Windows and graphics software toolkits to integrate 
your underlying applications. Bring existing 
r— yp J.Q X-Window, object-oriented 

standards quickly 

First in Simplicity 

Go from design to prototype in a 
snap with N.'Power’s extensive 
built-in analysis functions, 
sophisticated graphics and its user 
extendable components. 

First for OEMs and VARs 

The move from system development 
to delivery is fast with N/Power's 
- 7 ; runtime modules. JV/Power's open 
architecture is your best bet for a 
‘ seamless integration platform. 
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Don't let someone else get there before you. 

Call Signal Technology, the industry leader, for your winning advantage. 

1 - 800 - 235-5787 
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SIMULATION BREAKTHROUGH 



SIMSCRIPT II.5 with SIMGRAPHICS 

Simulation models are now easier to build 
-results are easier to understand 


N ow you can provide the users 
of your SIMSCRIPT II.5 
models with SIMGRAPHICS™ 
-graphical input and animation. 

SIMSCRIPT II.5 gives you a 
compact English-Iike language. 
Your simulation program reads like 
a description of the system you are 
studying. 

With SIMGRAPHICS, results 
are easy to understand-animated 
pictures, histograms, pie charts and 
plots. 

Because your animated simula¬ 
tion results are easily understood, 
your recommendations are more 
likely to be acted upon. 

Free applications booklet 
A new booklet describing suc¬ 
cessful applications of SIMSCRIPT 
II.5® is now available. Typical ap¬ 
plications include: military plan¬ 
ning, manufacturing, communica¬ 
tions, logistics, and transportation. 

SIMSCRIPT II.5 is available on 
most popular computers including 
PC’s and Workstations. 


Free trial offer 

The free trial contains every¬ 
thing you need to try SIMSCRIPT 
II.5 on your computer. 

Try the SIMSCRIPT II.5 lan¬ 
guage, the built-in graphics, the 
quality and timeliness of our sup¬ 
port, and the accuracy of our 
documentation —everything you 
need for a successful project. 

For over 29 years CACI has 
provided trial use of its simulation 
software-no cost, no obligation. 
Act now—free training offer 
For a limited time we also in¬ 
clude free training. Call today to 
avoid disappointment-class size is 
limited. 

For immediate information 
Call Doug Dittrich at (619) 
457-9681, or Fax (619) 457-1184. 

In Canada, call Peter Holt on 
(613) 782-2474, Fax (613) 

782-2202. In the UK or Europe, 
call Nigel McNamara, in the UK, 
on (081) 332-0122, Fax (081) 
332-0112. 


Rush information on ~\ 

SIMSCRIPT II.5 1 

□ Yes, I want to learn the reasons for the j 

broad and growing popularity of SIM- i 

SCRIPT II.5. Act now for free training. | 

□ Send the free Major Applications of I 

SIMSCRIPT II.5. 



Computer Operating System 


□ Send details on your University Offer. 

Return to: SPECTRUM 

CACI Products Company 

3344 North Torrey Pines Court 

La Jolla, California 92037 

Call Doug Dittrich at (619) 457-9681 

Fax (619) 457-1184 

In Canada: 

CACI Products Division 
200-440 Laurier Avenue West 
Ottawa, Ontario, KIR 7X6 
Caii Peter Hoit on (613) 782-2474 
Fax (613) 782-2202 
In the UK or Enrope: 

CACI Products Division 
Palm Court, 4 Heron Square 
Richmond, Surrey TW9 lEW, UK 
Caii Nigei McNamara on (081) 332-0122 
Fax (081) 332-0112 


SIMSCRIPT II.5 is a registered trademark and service 
mark of CACI Products Company. SIMGRAPHICS is a 
trademark and service mark of CACI Products Company. 

























SCIENCEy^SCOPE 


A thermal imaging system that turns night into day for crews of U.S. Navy SH-2F Light Airborne 
Multi-Purpose System (LAMPS) helicopters is aiding in the fight against drugs. LAMPS helicopters, 
equipped with the Hughes Aircraft Company’s AN/AAQ-16 Hughes Night Vision System (HNVS), 
have been participating in law enforcement operations in support of the Coast Guard Carribean 
Squadron, flying hundreds of vital law enforcement surveillance sorties, sighting and reporting many 
suspect surface vessels which otherwise would have gone undetected. HNVS has been installed on 
a variety of U.S. Army, Air Force and Navy helicopters, and a derivative of the system has been 
selected for the U.S. Tri-Service V-22 Osprey. 

A self-contained plasma source will help prolong the life of satellites in space. The source, part of 
the Flight Model Discharge System (FMDS), developed and built by Hughes for the U.S. Air Force, 
produces a dilute low-energy plasma cloud near the spacecraft’s surface. The cloud effectively 
“grounds” the vehicle by forming a conductive bridge that electrically couples the vehicle’s outer 
surfaces to each other and to the plasma of space. Without FMDS, electrical charges from ionized 
gases could build up on the spacecraft, causing arcing that could damage delicate electronic equipment. 

A night vision system has demonstrated it can increase the operational effectiveness and survivability 
of Ml Abrams tanks and Bradley Fighting Vehicles. The Driver’s Thermal Viewer (DTV), under 
development at Hughes for the U.S. Army, is a low-cost thermal imaging system that enables drivers 
to see through darkness, dust, battlefield smoke, haze, and rain. During simulated combat exercises, 
the DTV demonstrated that it improved both vehicle maneuverability and crew safety and target 
acquisition. The DTV, designated ANWAS-3, can replace the existing ANWVS-2 image intensifier 
driver’s viewer without modification to the vehicle’s armor or driver station. 

State-of-the-art air defense systems built by Hughes protect more than one billion of the free world’s 
population. The Air Defense Ground Environment (ADGE) systems, designed by Hughes for 
23 nations, network operations centers, ground-based and airborne sensors, surface-to-air missile 
bases, and air bases into real-time command and control systems. ADGE systems identify all 
aircraft approaching their nation’s borders, display the aircraft’s altitude, speed, and course, and 
electronically interrogate the aircraft to determine its identity. Euture ADGE systems will include a 
new distributed architecture that will allow them to use more mobile and transportable elements, as 
well as off-the-shelf commercial computers, for more cost-effective operation. 

Hughes Aircraft Company’s Ground Systems Group and new subsidiary Hughes Aircraft Company 
of Canada Ltd. are looking for ATC Specialists, Systems Engineers, Systems Engineers/Proposal 
Managers, and Air Traffic Controllers. We’re applying our creative expertise and airspace 
management experience to many exciting international Air Traffic Control programs, including 
the Canadian Automated International Air Traffic System (CAATS) and Germany’s Karlsruhe 
Workstation Control (KATC); and there’s new business on the horizon. For immediate consideration, 
send resume to: Bill Campbell, Hughes Aircraft Company, Ground Systems Group, Dept. S3, 

P.O. Box 4275, Fullerton, CA 92634. Proof of U.S. citizenship may be required. Equal opportunity 
employer. 


For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 
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Newslog 


JAN 10. The Federal Commu¬ 
nications Commission, 
Washington, D.C., proposed 
making a special broadcast fre¬ 
quency for two-way interactive 
television services available in 
every U.S. community, indicat¬ 
ing that the agency believes the 
technology has advanced to the 
point where it is ready for com¬ 
mercial use. 

JAN n. The Brazilian Govern¬ 
ment authorized the country’s 
first information technology joint 
venture, in which IBM Corp. 
and SID Informatica SA, 
Curitaba, will produce IBM’s 
PS/2 microcomputers. SID said 
the venture, to be based in Sao 
Paulo, will be operational with¬ 
in three months. 

JAN 16. The United States and 
allied forces opened a long- 
threatened war to drive Iraqi 
President Saddam Hus¬ 
sein’s army from Kuwait. Ex¬ 
perts said the war marks the 
coming of age of computerized 
weaponry, which has included 
Navy Tornahawk cruise missiles. 
Pave Tack laser-guided bombs. 
Air Force F-117A Stealth fight¬ 
ers, and the Army Patriot an¬ 
timissile systems. 

JAN 19. The U.S. government 
began a $900 000 study to de¬ 
termine whether barrels of 
radioactive waste dumped into 
the Pacific Ocean could break 
open and spill into the richest 
marine habitat in the West. 
Financed by the National 
Oceanic and Atmospheric 
Administration, Washington, 
D.C., the study will focus on 
locating about 48 000 barrels of 
chemicals and other wastes that 
in a 24-year period were scat¬ 
tered in the Gulf of the Faral- 
lones, 50 kilometers west of San 
Francisco. 

JAN 24. IBM Co^. said it has 
agreed in principle with the 
USSR’s Ministry of Civil Avi¬ 
ation to supply passenger book¬ 
ing and cargo computer systems 
to Aeroflot, the Soviet airline. 


The company also announced 
plans to set up a wholly owned 
subsidiary in the USSR to pro¬ 
vide maintenance and marketing 
services—the first Western com¬ 
pany without a Soviet partner. 

JAN 25. Mercury Communi¬ 
cations Ltd. in London stole a 
march on the more prominent 
British Telecom by joining 
forces with the United States’ 
AT&T Co., Germany’s Bundes- 
post Telekom, France Tele¬ 
com, and the Netherlands 
PTT in announcing the con¬ 
struction of a new set of transat¬ 
lantic telecommunications cables. 

JAN 28. Apple Computer Inc., 

Cupertino, Calif., asked the 
Federal Communications 
Commission, Washington, 
D.C., to set aside a 40-mega¬ 
hertz swatch of radio frequen¬ 
cies to allow PCs to receive and 
transmit data without wires, giv¬ 
ing users of portable computers 
more mobility. Apple urged that 
the frequencies be available to 
all users without a license. 

JAN 20. National Semicon¬ 
ductor Corp., Santa Clara, 
Calif., said its new computer 
chip set can increase the perfor¬ 
mance of computer systems ten¬ 
fold, to 3.2 billion bytes (25 
gigabits) a second. It is the first 
production-volume chip set 
designed for the Futurebus Plus 
IEEE standard. 

JAN 30. British Aerospace 
PLC, London, and the French 
state-controlled Thomson-CSF, 
Paris, received the go-ahead 
from the UK Monopolies and 
Mergers Commission to pool 
their missile businesses in a new 
company, called Eurodynam¬ 
ics, that would dominate the 
European missile sector. 

JAN 31. General Motors 
Corp., Ford Motor Co., and 
Chrysler Corp. said they are 
teaming up with the U.S. 
government to spend more 
than $1 billion over the next 12 
years on R&D of advanced bat¬ 


tery technologies for use in elec¬ 
tric vehicles. 

JAN 31. A National Academy 
of Sciences panel of scientists, 
academics, and former Govern¬ 
ment officials urged lifting U.S. 
export controls on technology 
for the Soviet civilian sector but 
said exports that could assist the 
Soviet military should remain 
under strict controls. The 
Washington, D.C.-based group 
also called for a stronger mul¬ 
tilateral effort to keep unstable 
Third World regimes from ac¬ 
quiring weapons of mass de¬ 
struction. 

JAN 31. IBM Corp. said it has 
developed a low-cost way to 
make 1/64-inch (0.4-millimeter) 
semiconductor lasers. The new 
process allows production in ex¬ 
isting chip-making facilities and 
enables IBM to test the lasers 
in batches of 20 000 units, halv¬ 
ing production costs. 

JAN 31. MIPS Computer Sys¬ 
tems Inc., Sunnyvale, Calif., 
announced the first 64-bit 
reduced-instruction-set comput¬ 
ing chip, the R4000. It is expect¬ 
ed to perform 50 million instruc¬ 
tions per second; shipments will 
begin in late 1991. 

FEB 4. International Com¬ 
puters Ltd. PLC, the London- 
based computer company in 
which Tokyo’s Fujitsu Ltd. ac¬ 
quired an 80 percent stake last 
year, was expelled from the Eu¬ 
ropean Information Tech¬ 
nology Round Table, an elec¬ 
tronics lobby, on the grounds 
that the group should consist of 
companies that were “truly 
European-owned. ’ ’ 

FEB 4. The Bush administra¬ 
tion opened an international 
conference on global warming in 
Chantilly, Va., by declaring that 
the United States will stabilize 
its overall production of ‘ ‘green¬ 
house gases. ’ ’ Three days later 
a study released by the Con¬ 
gressional Office of Tech¬ 
nology Assessment said that 


current technology could be 
used to cut global warming 
gases but that the cost of signifi¬ 
cantly reducing emissions of car¬ 
bon dioxide alone could hit $150 
billion a year. 

FEB 7. The Department of 
Energy made public a study 
that envisions a sharply reduced 
need for nuclear arms in the 21st 
century and proposes shutting 
down all but five of the U.S. 
weapons plants and allowing pri¬ 
vate companies to own the fac¬ 
tories for making the weapons’ 
nonnuclear components. 

FEB 7. Soviet Prosecutor 
General Nikolai Trubin, 
prodded by individual and local 
government complaints, con¬ 
ceded that there had been gross 
failures in the Soviet Govern¬ 
ment’s cleanup of the April 
1986 Chernobyl nuclear dis¬ 
aster and said some officials 
would face criminal charges for 
failing to protect the public 
properly from radioactive 
fallout. 

FEB 9. A nuclear accident oc¬ 
curred at Japan’s 19-year-old 
Mihama Nuclear Power 
Plant near Kyoto when a pipe 
apparently broke, allowing radio¬ 
active water to spill into a secon¬ 
dary cooling system. Govern¬ 
ment officials and the Kansai 
Electric Power Co. said no 
one was hurt, but Japanese 
press reports estimated escaped 
radioactivity to be about 8 per¬ 
cent of the plant’s annual emis¬ 
sions. Experts said the accident 
was the worst since Japan began 
operating nuclear plants in 1966. 

Preview; 

MAB 17-20. The first annual 
meeting of the Washington, 
D.C.-based Intelligent Vehi¬ 
cle Highway Society of 
America is held in Reston, Va., 
with 20 sessions on how elec¬ 
tronics can be applied to add ef¬ 
ficiency to vehicle use and ca¬ 
pacity to roadways. 


COORDINAWR: Sally Cahur 


IEEE SPECTRUM MARCH 


















March 1991 Volume 28 Number 3 


SPECTRUM 


32 The DOE: new leader, new urgency 

By Glenn Zorpette, Karen Fitzgerald 

Multiple challenges converge on a beleaguered U.S. Department of Energy seeking to focus 
its vast resources-IOth greatest in the cabinet-on long-neglected needs. One need is for a 
national energy strategy, finally ready for Congress; another is to clean up its nuclear 
weapons installations at a total cost of up to $150 billion over 30 years. Success is vital to 
national security, competitiveness, and ecological progress for years to come. 



52 X terminals 


By Angel E. Socarras, Robert S. Cooper, 
William F. Stonecypher 
An X Window System makes it possible 
to view applications running on several 
computer resources linked by a network 
that embraces an entire enterprise. The 
vendor-independent standard affords 
much flexibility. Thus, as X terminals 
achieve new price-performance plateaus, 
the market is expected to expand to 
many more business applications 
requiring their network connectivity and 
other I 
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31 Air traffic control/ 
High-tech poll 

By Donald Christiansen 
§ The lessons of the Los Angeles crash; 
no shortage of applicable technology, 
but severe problems of application and 
management. § Who leads in which 
high-tech fields, Japan or the United 
States? Preview of a Gallup-Nikkei 
sampling of U.S. IEEE members. 
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56 When bust is best 

By Trudy E. Bell 



winches-all are proving indispensable 
in the growing practice of destroying 


equipment to prove it. The goal; “to find 
out what’s wrong with a product before 
customers do.” One method Is to find 
failure points, namely, the most extreme 
conditions under which gear can still 
function. Another determines how rough 
its handling can be during transport, 
installation, or operation. Guidelines have 
evolved for deciding among options, and 
in some cases high technology has 
been called in for diagnostic problems. 



60 Laplace’s transform 

By Paul J. Nahin 

This mathematical signature of the EE 
is popular because it changes some of 
the most important differential equations 
of physics into easier-to-solve algebraic 
equations-above all by mapping the 
difficult operation of convolution into 
multiplication. Dating to Napoleon, it 
attained widespread use among EEs 
just before World War II. Now, with the 
spread of sophisticated software, it could 
return to obscurity. 
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Reflections 


The ambitious 
word processor 


his column is being conceived 
by my word processor. I am 
sitting helplessly in front of 
the computer screen, watch¬ 
ing in wonderment as this 
essay unfolds. So if you do not like it, please 
do not blame me. The computer has taken 
over; it is on its own. 

When you think about it in retrospect, it 
is obvious how this insidious revolution came 
about. We used to 

pencils on the backs of old envelopes. 

But we live in a world populated with 
lost ballpoint pens and inundated with 
junk mail envelopes that have no us¬ 
able blank spaces. Someone had to in¬ 
vent word processors. 

At first, that invention seemed like 
a good idea. Its most appealing fea¬ 
ture was that big electronic eraser in 
the sky that could come down and 
magically zap undesirable utterances. 

Of course, in its zealousness, the 
eraser often zapped other things just 
for practice—like whole, precious es¬ 
says, chapters, and theses. That was 
the risk we took, but what would we 
not give to be able to retrace our foot¬ 
steps at will? Life should have such 
a feature—the generalized “undo” 
command. 

Flushed with the new power 
provided by our word processor, we 
zapped everything in sight. Oh, it was 
thrilling! But gradually, ever so gradu¬ 
ally, we lost something. We lost the 
idea of permanence. I see in my mind the 
ancient Egyptians with their mallets and 
chisels carving the hieroglyphic symbols for 
all eternity. I see Shakespeare with his quill 
pen fitting his words into iambic pentameter 
for the centuries to come. 

But writing has now become only a fluid 
state. There is no longer such a concept as 
‘ ‘done’ ’; there remains only a version num¬ 
ber and dated file. The only thing that tem¬ 
porarily stops further change is a deadline. 
But even after a paper has gone to press or 
been handed in, we look at the file and see 
an offending word. What mortal being can 
resist the overpowering urge to zap? Next, 
word processors began to extend then- 
power and dominance in the affairs of hu¬ 
manity. The word processors probably 
whispered to each other. “Formatting,” 


they said. Naively, we users began to play 
with our new toy. Now we could jiggle things 
around and prettify everything in sight. Oh, 
how beautiful it was! Never mind the logic 
or the flow of words; who cared when it was 
so attractive? 

I only began to realize what had happened 
one memorable day when I tried to format 
the headings of a chapter I was writing in a 
certain way. I am ashamed to admit it, but 
it happened—I spent an entire day of my life 
trying to get the blinkety-blank format just 
right. There probably should be some or¬ 
ganization like Alcoholics Anonymous for 
computer users, where we could confess 
such crimes and pledge future abstinence. 
In truth, the format was of no real conse¬ 


quence anyway; it was all going to be reset 
by hand at the publishing house. But that is 
how these word processors are—they en¬ 
courage the illusion of achievable perfection. 

After failing in a progression of inept at¬ 
tempts to get the formatting commands cor¬ 
rect, I resorted to the second line of defense. 
Difficult as it was to admit my own incompe¬ 
tence, I had to seek the advice of a guru. But 
which guru? Computer gurus are now like 
medical specialists. You have to know 
enough about your problem to know which 
guru to consult. My usual GP guru was kind 
enough to make a house call, but my dilem¬ 
ma was outside his specialty, and the con¬ 
sultants he recommended were unavailable. 

Now I was backed to the ultimate 
recourse—the program manuals. But one 
discouraging glance reaffirmed the well- 



known futility of that approach. No one reads 
manuals. I do not even know why they are 
written in the first place. Life is too busy to 
be reading this stuff, and I have no patience 
for it. No one else seems to, either. 

The awful thing is this: when you look at 
the size of the manuals, you just know that 
all kinds of hidden features lurk in the word 
processor. Some of them are bound to do ex¬ 
actly what you want, features that could 
make your writing ever so much more beau¬ 
tiful and informative if you only knew about 
them. They just sit patiently in the memo¬ 
ry of your PC, awaiting the right command. 

This is all part of the diabolical frustration 
inherent in word processors. Secretly, they 
are laughing at your profound ignorance. 
They know how to do what you want, 
'"but they will not admit it. 

I do not remember if I ever got the 
formatting the way I wanted it. I was 
in a bad mood. Why was I doing this 
when I had a secretary who was sup¬ 
posed to type things? What was she 
doing anyway? Angrily, I looked out¬ 
side my office. There she was, doing 
my job. After all, someone had to. 

Now, having turned all the profes¬ 
sionals into typists, and vice versa, 
the word processors looked around 
for new domains. Why should they 
meekly accept input from fallible hu¬ 
mans? Better have more control of 
their own destiny. But how should 
they go about this in a subtle fashion? 

“Let’s start with spelling, ’ ’ one of 
them suggested. “That seems sim¬ 
ple enough, and humans will think 
that it is merely helpful. Next we’ll do 
grammar. Pretty soon there won’t be 
much room for the human users to 
manipulate words. We’ll beep when 
they make a mistake, or when what 
they’re writing doesn’t make sense.” 

Now in case you do not have the latest 
model word processor, you may not realize 
that they have an automatic writing com¬ 
mand. You just give them a title, and type 
the command ctl-x alt-g F3, followed by tire 
number of desired words. They do the rest. 

This colurtm was quite a rigorous test of 
the new mode, since I gave the processor 
a chance to write the truth about its own am¬ 
bitious climb to power. You can see that it 
is confident enough now to reveal its mo¬ 
tives. From this point on, there is no back¬ 
ing away for humans. The commands will get 
evermore complicated and powerful. Next 
month’s Spectrum will be done in its entire¬ 
ty by one small command. Check it out. 


Robert W. lucky 
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HowAllied-Signal engineers 
put the brakes on sdenoid 
valve design and prototyping costs. 



Speeding through development with the 
power of MSC/EMAS. 

The product development group at Allied-Signal 
Automotive needed a comprehensive electro¬ 
magnetic finite element analysis system / 

as part of its concurrent engi¬ 
neering effort. The purpose 
was to accelerate the 
development of solenoid 
valves and put the skids 
on prototyping costs. 

After comparing CAE 
packages from a wide 
variety of software 
companies, the 
design engineers ^ 
chose MSC/EMAS. 

MSC/EMAS proved 
model solution. 

MSC/EMAS provided a number of advantages. By inter¬ 
mixing one-, two- and three-dimensional elements, Allied- 
I Signal engineers were able 
to reduce model building 
and solution times. MSC/ 
EMAS’s push-button results 
processing helped them 
visualize how to reduce 
materials while increasing 
performance. Device per¬ 
formance factors improved 
by as much as 25%. Empi- 
1 rical data, correlating to 
within 93% of MSC/EMAS results, confirmed the benefits. 

Electric and magnetic Held problems are no problem 
for MSC/EMAS. 

Electrical engineers use MSC/EMAS to solve electric and 
magnetic field problems involving linear, non-linear and 



anisotropic materials. 
The program lets users 
analyze the entire range 
of electromagnetic 
behavior... from electro¬ 
statics and non-linear 
magnetostatics to eddy currents 
and wave propagation up to optical 
frequencies. What’s more, these 
varied applications can be accurately 
simulated under one powerful, easy-to- 
use program. 

MSC/EMAS is available on a variety 
of computer platforms, from engineering 
workstations to supercomputers, and is 
backed by the most comprehensive support, 
training and documentation in the industry. 

No wonder MSC/EMAS is the world’s premier 
software package for electromagnetic analysis. 

Current information on our 
concurrent family of products. 

Apply MSC/EMAS to your company’s 
toughest electromagnetic field problems. 

For videos or brochures on MSC/EMAS 
or any member of MSC’s complete 
family of computer-aided engineering 
software, call us at (800) 336-4858 or 
(213) 258-9111. We’ll help you speed development while putting 
^e brakes on costs. 


SIMPIY POWERFUi: 



The 

I MacNeal-Schwendler 
I Corporation 


: and MSC/ are registered service and trademarks of 


MSiTEMAS 

The Perfect' Complement to MSC/NASTRAN 










EXHIBITION & CONFERENCE 


MICRO 
SYSTEM 

Technologies 91 

2nd International Conference 
and Exhibition on Micro Electro, 

Opto, Mechanical Systems and 
Components 

• Micro System Technologies 

• Micro Electronics 

• Micro Sensing 

• Micro Optics 

• Micro Mechanics 

Concurrent International Conference under the Chair¬ 
manship of Dipl.-Ing. R. Krahn, VDIA/DE-TZ IT GmbH 
and Prof. Dr.-Ing. H. Reichl, Techn. University Berlin 



Highlights 91: 

• Micro System Applications in 
Automotive Engineering 
Medical Equipments 
Environmental Engineering 


Sponsor: ♦ieee Institute of Electrical 
and Electronics Engineers 



ICC Berlin 


October 29 - November 1, ’91 

Informations: Organizer: 

MESAGO USA Corp. AMK Berlin 

376 Boylston Street Ausstellungs-Messe- 

Boston, MA 02116, USA KongreB GmbH 

Tel. 001 (617) 5368677 MESAGO Exhibition & 

Fax 001 (617)5368682 Conference Group 


Calendar 

Meetings, Conferences 
and Conventions 


MARCH 


International Conference 
on Microelectronic Test 
Structures (ED); March 18- 
20; Kyoto Grand Hotel, Japan; T. 
Ohzone, Semiconductor Re¬ 
search Center, Matsushita Elec¬ 
tric Industrial Co., 3-15 Yagumo- 
Nakamachi, Moriguchi-shi, 
Osaka 570, Japan; (81+6) 
906 4891; fax, (81+6) 906 3994. 

European Workshop on 
Refractory Metals and Sili- 
cides (ED); March 24-27; Var 
Card, Saltsjobaden, Sweden; S. 
Petersson, Swedish Institute of 
Microelectronics, Box 1084, S- 
16421, Kista, Sweden; (46+8) 
752 1401. 

International Conference 
Control ’91 (UKRI Section); 
March 25-28; Conference 
Centre, Heriot-Watt University, 
Edinburgh, Scotland; L. Bous- 
field. Conference Services, In¬ 
stitution of Electrical Engineers, 
Savoy Place, London WC2R 
OBL, England; (44+1) 240 1871; 
fax, (44+1) 240 7735. 

National Telesystems Con¬ 
ference (AES); March 26-27; 
Georgia World Congress Center, 
Atlanta; Scott Wood, Scientific- 
Atlanta, 3845 Pleasantdale Rd., 
Atlanta, Ga. 30340; 404-925- 
6377. 

Southcon/91 Electronics 
Conference and Exhibition 
(Region 3 et al.); March 26-28; 
Georgia World Congress Center, 
Atlanta; Electronic Conventions 
Management, 8110 Airport 
Blvd., Los Angeles, Calif. 
90045-3194; 800-877-2668; fax, 
213-641-5117. 


APRIL 


Second International Sym- 
posiiun on Integrated Net¬ 
work Management (IFIP et 


al.); April 1-5; Crystal Gateway 
Marriott, Washington, D.C.; Ac¬ 
tion Motivation, Box 191885, 
San Francisco, Calif. 94119; 
415-392-3751. 

Southeastcon ’91 (Region 3 et 
al.); April 7-10; Fort McGruder 
Inn, Williamsburg, Va.; Griffith 
G. McRee, 525 Virginia Deare 
Dr., Virginia Beach, Va. 23451; 
804-6834897. 

Infocom ’91 (COMP, COMM); 
April 7-11; Sheraton Bar Har¬ 
bour, Florida; Ken Joseph, Bell 
Canada, 160 Elgin St., Ottawa, 
Ont., Canada K1G3J4; 613-781- 
7214; fax, 613-234-1442. 

International Conference 
on Robotics and Automation 
(RA); April 7-12; Hyatt Regency 
Sacramento, California; H. Hay- 
man, Exeter C3037, Boca Raton, 
Fla. 33434; 407483-3037. 

First International Work¬ 
shop on Interoperability in 
Multidatabase Systems 
(COMM); April 8-9; Kyoto 
University, Kyoto, Japan; IEEE 
Computer Society Conference 
Services, 1730 Massachusetts 
Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013; fax, 
202-728-0884. 


IEEE members attend more than 
5000 IEEE professional meetings, 
conferences, and conventions held 
throughout the world each year. 

For more information on any meet¬ 
ing in this guide, write or call the 
listed meeting contact, information 
is also available from: Conference 
Services Department, IEEE Service 
Center, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855; 908-562- 
3878; submit conferences for list¬ 
ing to: Rita Holland, IEEE Spec¬ 
trum, 345 E. 47th St., New York, 
NY 10017; 212-705-7569. 

For additional information on 
hotels, conference centers, and 
travel services, see the Reader 
Service Card. 
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Books 


Unsung heroines 

Trudy £ Bell 

Righting the Record is an accurate subtitle 
for this collection of articles about women 
who have made important contributions to 
10 fields of science and technology. The edi¬ 
tors’ avowed purpose is ‘ ‘to seek out the lost 
and buried women heroes of science.” In 
some cases, the result is serendipitous: the 



discovery, for example, that women devel¬ 
oped the fundamental scientific techniques 
of gas chromatography and biological pho¬ 
tomicrography. The tone in other cases, 
however, suggests apologia or even anger 
more than analysis. But the book is so filled 
with intriguing characters and tidbits that the 
reader is likely to keep exclaiming: ‘ ‘I didn’t 
know that was invented (or discovered) by 
a woman!” 

Of most interest to an engineering au¬ 
dience are the articles on women in en¬ 
gineering, astronomy, mathematics, and 
physics. Four EEs have brief biographies. 
Bertha Lamme (1869-1954), the first woman 
graduate of an engineering degree program 
in the United States (Ohio State Universi¬ 
ty, 1893), became head of the engineering 
department at Westinghouse Electric and 
Manufacturing Co., overseeing the design 
of motors and generators. Edith Clarke 
(1883-1959), a mathematician at General 
Electric Co. for 26 years, adapted Charles 
Fortescue’s theory of symmetrical compo¬ 
nents to three-phase systems, which allows 
engineers to study and solve problems of 
power losses and performance of electrical 
equipment caused by unbalanced loads on 
electric circuits. Jenny E. Rosenthal, nee 
Bramley (1909- ), was made an IEEE Fel¬ 
low in 1966 for her achievements in spec¬ 
troscopy, optics, and mathematical tech¬ 
niques and their application to electronics 
engineering, and Mildred Dresselhaus 
(1930- ) was made an IEEE Fellow in 1979 
for contributing to the understanding of elec¬ 
tronic properties of semiconductors, semi¬ 
metals, and metals and enhancing women’s 
opportunities in engineering education. 

One of the book’s key points is that the 


validity or ultimate significance of a man’s 
work is rarely the deciding criterion for his 
inclusion in the history of science. “It is 
usually sufficient that he and his work are 
thought historically interesting, ’ ’ the editors 
note. However, for women in science to be 
remembered, ‘ ‘not only must their work be 
thought right, but usually it must have such 
impact upon scientific thought that exclusion 
is impossible.” If they are wrong, or off 
target—or their ideas are just super¬ 
seded—not only is their work forgotten, but 
it may even be derided, the authors assert. 

All 10 articles are written, not surprising¬ 
ly, by women, all scientists in the fields of 
which they vmte. But I could not help wash¬ 
ing for an 11th article by a historian, to set 
all the women’s scientific achievements and 
their lives in firm social perspective, instead 
of being left to speculate. 

Why, for example—as several of the 
authors assert—have women had their 
names dissociated from their inventions 
more often than men? Was prejudice against 
women fairly even across the technical dis¬ 
ciplines, or were some sciences (such as the 
biological ones) “friendlier” than others 
(the physical or more theoretical ones)? Did 
prejudice vary by country? 

And in addition to the great barriers 
women had to overcome in being accepted 
as professionals, what were the social as¬ 
sumptions about womanhood versus work? 
As any woman choosing to enter a techni¬ 
cal field 25 or 30 years ago can well remem¬ 
ber, the choice was repeatedly and clearly 
stressed: either you were a “career 
woman’ ’ (read nun) or you were a wife and 
mother. 

Yet, what is really striking in this book is 
how, twice as long ago, most of the female 
scientists and engineers not only married, 
but had families. Industrial engineer Lillian 
Gilbreth raised 12 (an even dozen!) children 
while pioneering time-and-motion studies of 
the workplace; and in a case of ‘ ‘like moth¬ 
er, like daughter,” Nobel-Prize-winning 
physicist Marie Curie’s offspring Irene be¬ 
came a Nobel-prize-winning chemist as well 
as a wife and mother herself. Does this mean 
that the stark work-or-womanhood dilem¬ 
ma was only a post-World War II phenome¬ 
non? If so, that is big news. But here the 
question is not even asked. 

In spite of these “druthers,” make no 
mistake: the book does achieve its aim of 
discovering otherwise forgotten names, and 
is an effective introduction to companies’ and 
universities’ technical distaff, as well as staff. 

Senior editor Trudy £ Bell earned both an A.B (1971, 
University of California, Santa Cruz) and an AM 


(1978, New York University, New York City) in the his¬ 
tory of science. When not writing or editing articles 
for IEEE Spectrum, she may be found teaching 
science, technology, and medical journalism at Poly¬ 
technic University in Brooklyn, or riding her long¬ 
distance touring bicycle. 

Hype or hypertext? 

Thomas R. Graver 

No one familiar with today’s computer in¬ 
dustry has to be told what “hype” means. 
So ‘ ‘hypertext’ ’ could easily be assumed to 
be just another fad, with little practical im¬ 
pact. This book explains hypertext, clear¬ 
ing up some misconceptions and showing 
how and where it can be useful. 


Hypertext ami 
HypetmmUa. Nielsen, 
Jakob, Academic Press 
(a subsidiary of 
Harcourt-Brace 
Jovanovich), San 
Diego, Calif, 1990, 

263 pp., $29.95. 


The “hyper” in hypertext refers to the 
creation on a computer system of dimen¬ 
sions of information context not practical in 
normal sequential text. Specifically, hyper¬ 
text makes use of links, or connections, from 
one piece of computer-stored text to anoth¬ 
er, which readers can choose or not choose 
to follow. 

For example, a word or phrase in a hyper¬ 
text might be highlighted to indicate the ex¬ 
istence of a link to additional information. If 
a reader selected that highlighted region of 
text, the computer would retrieve and dis¬ 
play new text—the definition of a word, per¬ 
haps, or a reference to the book a phrase was 
taken from, or even the page on which it ap¬ 
pears if the book is stored in the system. 

Hypermedia extends the hypertext con¬ 
cept to include other types of information 
that can be accessed by a computer, such as 
images, animation, audio, and even full- 
motion video. Though hypermedia is a 
broader term, Nielsen prefers “hypertext” 
for all such information systems and devotes 
a brief section on alternatives that can be 
used in “hypertext.” Thereafter, however, 
he scants on addressing the special issues 
that surely must be involved in usefully in¬ 
corporating such disparate elements. But in 
a book called Hypertext and Hypermedia, the 
reader might expect more: how could one 
use and symbolize links within a segment of 
full-motion video, for example? 
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Nielsen discusses the meaning of hyper¬ 
text, leads the reader through a concise and 
interesting history of hypertext develop¬ 
ments, and then provides examples of hyper¬ 
text systems and applications. After present¬ 
ing this broad overview, he delves somewhat 
more deeply into how hypertext is im¬ 
plemented, focusing on user interfaces and 
their effect on hypertext usability. 

When producing a document in hypertext, 
writers have no long-established rules of or¬ 
ganization to follow. We learn such conven¬ 
tions for ordinary text in school and from 
reading, so they seem natural and even ob¬ 
vious, though in fact they are mere conven¬ 
tions that must be mastered. 

One simple convention is the sequential 
numbering of pages, corresponding to the 
order in which the author expects a text to 
be read. With hypertext, there is no single 
‘ ‘correct’ ’ order to read a document. Read¬ 
ers are allowed—or even required—to con¬ 
trol their own path through a document, giv¬ 
ing rise to entirely new problems that need 
new conventions. As Nielsen puts it, 

‘ ‘authoring takes on an entirely new dimen¬ 
sion when your job is changed from one of 
providing opportunities for readers rather 


than ordering them around.” 

With sequential text, if a reader recalls just 
having read something, he or she can 
reasonably assume that it is only a few pages 
back and easy to locate. With hypertext, 
there may be no direct path back, since links 
can be unidirectional. Yet often a reader 
may wish to make only a momentary digres¬ 
sion, to skip to a footnote and back again, 
for example. Thus hypertext software needs 
to record the sequence of links followed by 
the reader, and allow a rapid return along 
that path. 

Hypertext experimenters have discovered 
a number of the requirements of readers 
browsing through or searching hypertexts. 
Nielsen examines some of these require¬ 
ments and the techniques being invented to 
address them. Different applications of 
hypertext may need different types of inter¬ 
active support, so a single overall best set 
of techniques may not exist. 

Most of this book is quite clear and well 
written. A notable exception is a large por¬ 
tion of the second chapter, in which the au¬ 
thor tries to explain how one actually inter¬ 
acts with hypertext. He describes the 
specific actions a user would take to browse 
through a document, and the possible results 
of each action. Even though supported by 
pictures of the computer screens under dis¬ 


cussion, this comes off as tedious and fails 
to give a good feel for the experience. Often, 
a lengthy description refers to aspects of a 
screen image on a different page, which can 
be confusing. 

Interactive browsing through hypertext is 
no doubt difficult to describe adequately. An¬ 
other book. Hypertext Hands-On!, by Ben 
Shneiderman and Greg Kearsley (Addison- 
Wesley, 1989) does a better job by simulat¬ 
ing links within the text of the book itself. 
Page numbers in parentheses beside high¬ 
lighted words allow readers to skip to a 
different page for additional information on 
the highlighted topic. This gives the reader 
a feeling for the liriking mechanism, at least, 
if not for more advanced features of hyper¬ 
text. 

A floppy disk containing a hypertext ver¬ 
sion of the Shneiderman-Kearsley book 
comes with the hard copy—also an excellent 
idea. In his book, Nielsen does refer at the 
end of chapter 2 to a source from which the 
reader can order a demonstration hypertext, 
and the reader is urged to obtain a copy be¬ 
fore plunging into the chapter. 

The strongest aspect of Nielsen’s book is 
its bibliography, which is well organized into 
categories likely to appeal to different groups 
of readers. For example, it singles out clas¬ 
sic books and papers likely to be particular- 
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an exciting new book 
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ly useful to novices. 

Other sections in this bibliography^aup 
surveys of hypertext, conferences, journals 
and magazines, videotapes, materials iisM 
in producing Nielsen’s book, and other 
hypertext bibliographies. A final section 
offers “far-out stuff’’—science fiction, a 
“parallel story-line” film, and the Knowl¬ 
edge Navigator video from Apple Computer 
Inc. in Cupertino, Calif. 

Along with a copy of the suggested 
demonstration hypertext. Hypertext and 
Hypermedia does a good job of introducing 
the subject. More sophisticated readers in¬ 
terested in design issues and potential user- 
interface pitfalls will also find it helpful. And, 
those who are preparing to implement soft¬ 
ware with hypertext features should certain¬ 
ly consider this book for its sections on 
hypertext usability—particularly the 
counter-examples indicating where ordinary 
text was found to outperform hypertext. 

Thomas R. Graver is an applications engineering 
team leader at Intel Corp.’s Princeton, N.J., opera¬ 
tion, which develops and markets Digital Video In¬ 
teractive (DVI) technology. He has helped design and 
write many multimedia presentations based on DVI 
technology, including the hypermedia application 
called Palenque, co-developed by Intel and the Bank 
Street College ot Education in N&w York City. 


Jairief - 


The Big Book of Amazing Mac Facts. Poole, Lon, 
Microsoft Press, Redmond, Washington, 1991, 513 pp., 
$24.95. 

Did you ever want to add memory to your 
Macintosh but were too sheepish to ask 
friends or colleagues for pointers? Ever won¬ 
der what static electricity can do to an opti¬ 
cal mouse? Ever suspect that there is more 
space on your Apple hard disk than is actu¬ 
ally indicated? If so, maybe this book is for 
you. 

With coverage relevant to all Macintosh 
models, including such compact models as 
the Classic and the modular, workstation¬ 
like Mac II, the book is intended for neo¬ 
phytes and veterans alike. 

After a couple of chapters introducing 
Macintosh operations and components, sep¬ 
arate sections feature disks and disk drives, 
printers and printing, troubleshooting, word 
processing, graphics, desktop publishing, 
spreadsheets, information management, and 
communications (different sections and sub¬ 
jects are denoted by Mac-like icons at the 
top and sides of pages). An appendix lists ad¬ 
dresses of Macintosh user groups and com¬ 
panies that produce peripherals, software, 
and other products. 


Author Poole, a columnist at Macworld 
magazine, writes jahisjHtnoductiofrthat the- 
book is a distillation of the best of seven 
years’^rofth of cbTumns, which'disclose m“' 
formation “gleaned from software publish¬ 
ers and equipment manufacturers” and “a 
motley lot of individuals with whom I con¬ 
sort professionally, plus a few modest no¬ 
tions of my own.” 


Coordinator: Glenn Zorpette 

Recent books 


PanUMIkmvulaSistmsrPahmaacelasimam- 
tatton and Wsuaffza&on. Koskela, Rebecca, and 
Simmons, Margaret, Addison-Wesley, Red¬ 
wood City, Calif., 1990, 290 pp., $^.25. 

GraiiMcsPngmnmlng./amsa, Chris, Microsoft 
Press, Redmond, Wash., 1990, 592 pp., 
$24.95. 

Expert Planning Systems. Ed. Boardman,J. T, 
et al. , The Institution of Electrical Engineers, 
London, 1990, 261 pp., $84. 

Adrances In Computeis, Vol. 30. Ed. Yovits, Mar¬ 
shall, Academic Press, San Diego, Calif., 
1990, 331 pp., $65. 


MathType. The best thing for 


writing equations since chalk. 


No programming languages to 
learn. No codes to remember. 


W ith MathType you create 
and add equations to your 
document by using simple 
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S pinoffs 


Driver, fix that gross 
carbon monoxiiie poiiuter 

Fifty percent of the carbon monoxide in auto 
emissions spews from only 10 percent of the 
cars, according to the California Air 
Resources Board, Sacramento. More than 
70 percent of cars on the road have exhausts 
containing less than 1 percent CO. How can 
the relatively few “gross polluters”—cars 
for which CO forms more than 4 percent of 
their emissions—be identified individually 
without having everyone drive into station¬ 
ary test centers? 

A system developed at the University of 
Denver makes it easy. In a second or less, 
it passes an infrared beam through a mov¬ 
ing car’s exhaust, detects the change in in¬ 
tensity and calculates the CO content from 
the change, and, if the allowable amount is 
exceeded, videotapes the car’s license plate. 
The system is an outgrowth of long-path 
single-beam spectroscopy, used to monitor 
pollutants in the atmosphere. 

If a state environmental agency used the 
system, it could promptly advise an offend¬ 
ing vehicle’s owner to get it feed—or else. 
Owners could also be reminded that they 



will get better mileage once the repairs are 
done. 

In operation, an infrared source and a tele¬ 
scope direct a collimated beam 25 cen¬ 
timeters above the roadway to a radiome¬ 
ter on the other side of a highway lane. 
Combining the outputs of a pair of indium 
antimonide infrared detectors—one for the 
CO concentration and one for CO2—the 
radiometer produces a voltage proportion¬ 
al to the CO-to-C02 ratio and feeds the fig¬ 
ure to a nearby personal computer. The PC 
uses combustion-chemistry equations to find 


the percentage of CO. (The radiometer can¬ 
not determine the CO percentage directly 
because the thickness of the exhaust plume 
varies from car to car.) 

The system can measure the exhaust from 
cars passing at speeds of up to 100 kilome¬ 
ters per hour. It is accurate within ±0.5 per¬ 
cent. It has been tested on hundreds of thou¬ 
sands of moving cars on highways in 
California and Colorado and most recently 
was used in Illinois to measure hydrocarbon 
as well as CO emission. 

At US $50 000, the system is not cheap. 
But it can check at least 1000 cars per hour, 
so the cost per test is nominal. The de¬ 
velopers are striving to reduce the pricetag 
by using low-cost components. 


Maglev for wafers 

Transporting silicon wafers between pro¬ 
cessing stations is a headache for integrat¬ 
ed circuit manufacturers: the wafers have to 
be moved to, from, and between stations 
quickly, efficiently, and without damage. 
Conveyor belts are dust producers, while 
robots are expensive and difficult to repro¬ 
gram for fabrication line changes, and the 
friction and wear in their many joints, though 
slight, generates dust that can ruin ICs. Also, 
neither belts nor robots handle wafers as 
tenderly as manufacturers would like. 

The best alternative, believes Ilene 
Busch-Vishniac, a researcher at the Univer¬ 
sity of Texas at Austin, is magnetic levita¬ 
tion, in a scaled-down form of the technol¬ 
ogy being developed for high-speed rail 
transportation. A magnetically levitated car¬ 
rier can whisk a wafer from station to sta¬ 
tion, carefully inserting and removing it at 
each process step. Floating on a repulsive 
field above its track or on an attractive field 
below, the carrier generates no friction— 
and no dust. Maglev could also handle chips 
and align masks. 

Busch-Vishniac and co-workers at the 
university have built a demonstration maglev 
transporter to prove the point. Under PC 
control, their transporter can elevate a car¬ 
rier 10 micrometers above a flattened wire 
coil and move it at speeds greater than 30 
centimeters per second along a 38-cm path. 
The control system is rudimentary: the cur¬ 
rent in the coil is switched so that the carri¬ 
er is periodically dropped (or lifted) to the 
coil plane to stabilize it as it moves, and fric¬ 
tion is generated as a result. But the Texas 
group is now working on a larger model that 
uses separate coils for levitation, propulsion, 
and stabilization for completely frictionless 
motion. It transports 8-inch (20-cm) wafers 
over distances of meters. 



They are also testing maglev for precise 
manipulation. “We are dealing with the 
nanometer accuracy needed for mask align¬ 
ment,” Busch-Vishniac told Spectrum. She 
envisions a system of long, reconfigurable 
magnetic tracks running between pre- 
cision-maglev workspaces. The result: an 
automated fabrication line. 


Sw/tcA an itch away 

Marlin R. Pierson’s young daughter suffers 
more than most people when mosquitos 
sting; her skin itches intensely, and until re¬ 
cently her family could do little to provide 
relief. But when her father serendipitously 
came across a research report that showed 
that high-voltage, low-current pulses neu¬ 
tralize venom fiem snake bites, he wondered 
whether the principle might be adapted to 
insect bites. 

Pierson, a computer programmer for a 
Minneapolis bank, knew that a device with 
complicated high-voltage pulse circuitry was 
not the answer. Instead, he built in his home 
workshop a handheld device that is simplic¬ 
ity itself: a probe containing an ordinary 9- 
volt battery with a ring of electrodes at its 
2-centimeter-diameter tip. The battery’s 
negative terminal is wired to the ring; the 
positive terminal coimects to another elec¬ 
trode at the center of the ring. 

Pierson tried the device on himself first. 
When a mosquito bit, he energized the probe 
and pressed its tip against the welt. It 
worked; the itch faded after about half a min¬ 
ute. And he did not feel the tiny current 
through the electrodes. 

Now, picnics and backyard barbecues hold 
no fears for the Pierson family. Pierson 
hopes to commercialize the device, for 
which he was awarded U.S. patent No. 

4 982 743. 

Coordinator: George F. Watson- 
Consultant: Allan £ Alcorn, Apple Computer Inc. 
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In college, you would have killed 
for MathCAD. So why aren’t you 
calculating with it now? 



100,000 engineers and scien¬ 
tists already let MathCAD do 
their calculations for them. 

Now that college is far behind 
you, perhaps it’s time you graduated 
from spreadsheets, calculators and 
programming. 

Because in today’s working world 
of engineering and science, there’s 
no time for anything less than 
MathCAD. The so^are that lets 
you perform engineering and 
scientific calculations in a way 
that’s faster, more namral, and less 
error-prone than any calculator, 
spreadsheet, or program you could 



write yourself. 

Thanks to MathCAD’s live 
document interface” you can enter 
equations anywhere on 
the screen, add text 
to support your work, 
and graph the results. 

It also comes complete 
with over 120 commonly 
used functions built right 
in. Perfect for creating 
complex equations and 
formulas, as well as exponentials, 
differentials, cubic splmes, FFTs and 
matrices. 

You get three-dimensional 
plotting, vivid graphing, and the 
ability to import HPGL files from 
most popular CAD programs, 
including AutoCAD? 

Done calculating.^ MathCAD 
prints all your analyses in 
presentation-quality documents, 
even on PostScript® printers. 

All of which has made MathCAD 
far and away the best-selling math 
software in the world. In faa, it’s 
used by over 100,000 engineers and 
scientists —including 31,000 
electrical engineers just like you. 

There’s MathCAD for the PC. 
MathCAD for the Mac, written to 




take full advantage of the 
Macintosh® interface. And a Unix® 
version that utilizes the speed and 
unlimited memory of your Unix 
workstation. 

We also have Applications Packs 
for Advanced Math, Statistics, 
Mechanical, Chemical, and 
Electrical Engineering. Each is a 
collection of adaptable mathematical 
models, designed to let you start 
solving your real world problems 
right away. 

^ For a free 
MathCAD demo 
disk, or upgrade 
information, dial 
1-800-MATHCAD 
(in MA, 617-577- 
1017). Or see 
'^your software 
dealer. 

Available for IBM® compatibles, Macintosh 
computers, and Unix workstations. 

TM and ® signify manufacturer’s trademark or registered 
trademark, respectively. 

1-800-MATHCAD 



MathCAD' 


U.K.: Adept Scientific 0462-480055; France; ISECEGOS1-46092768; Getmany: Softline 07802-4036; Japan: CRC 03-665-9762; Finland: Zenex Oy 90-692-7677; Italy: Channel 02-4229441. PEE 
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Cimumventing Aystexia 

As president of Recording for the Blind, I 
agree with Walter Frey [‘ ‘Schools miss out 
on dyslexic engineers,” December, p. 6] 
that we have, indeed, lost too many talent¬ 
ed individuals for whom the struggle to learn 
within the confines of a narrow learning sys¬ 
tem proved too much. 

Using books in an audio format is an ac¬ 
commodation that is often useful for people 
whose learning disability makes it difficult 
for them to read standard print. Recording 
for the Blind (RFB), a national nonprofit or¬ 
ganization, provides recorded educational 
books fi'ee on loan to students at all academic 
levels from upper-elementary grades 
through postgraduate studies. Today, about 
half of our active borrowers have learning 
disabilities, primarily dyslexia. 

Frey may be encouraged to learn that RFB 
has experienced a dramatic increase in the 
demand for recorded technological and 
scientific texts over the last several years. 
In fact, this phenomenon led us to the reali¬ 
zation that the population we serve, that is, 
individuals with print disabilities, constitutes 
a significant pool of potential engineers and 
scientists—people who can make an impor¬ 
tant contribution toward closing the nation¬ 
al science gap, if we can succeed in making 
science education more accessible and at¬ 
tractive to them. 

To that end, RFB has begun a three-year 
special project, with National Science Foun¬ 
dation funding and in conjunction with the 
American Association for the Advancement 
of Science, to encourage this population, 
as early in their education as possible, to 
pursue their interest in science, engineer¬ 
ing, and mathematics. We are not only 
increasing the number of science and tech¬ 
nology books we record for high school and 
post-secondary students—we are also 
selecting books that promise to attract and 
interest elementary and middle-school 
students. 

To accomplish this, we have established 
four new ‘‘science studios” in Boston, 
Philadelphia, New Haven, Conn., and Los 
Angeles. In addition, many of our other 
recording studios around the country have 
become increasingly science oriented. To 
the ranks of our 4500 volunteers, we must 
now add another 500 who are qualified to 
read science and engineering texts. 

Frey’s column underscores our responsi¬ 
bility as a society to provide individuals of 
different abilities with equal access to edu¬ 
cation. That belief lies at the very core of 
RFB’s mission. We must, however, also 
recognize that equal access works to the 


benefit of not only the petitioner, but also 
our society at large. 

I hope the IEEE Spectrum readership will 
be motivated to share our vision of an ac¬ 
cessible world. We have 32 recording stu¬ 
dios nationwide, most in major metropoli¬ 
tan areas. Anyone interested in helping to 
produce recorded texts is invited to contact 
a local RFB studio or our national headquar¬ 
ters at 609-452-0606. 

Ritchie L. Geisel 
Princeton, N.J. 


Debugging analog Design 

I feel that some of the statements in the ar¬ 
ticle ‘‘Affordable analog design” by John 
Hines [November, p. 60] are not valid. The 
article claims that ‘ ‘MicroSim software typi¬ 
cally costs two to three times more than 
equivalent products from other vendors,” 
but earlier states that it is not one of the ‘ ‘di¬ 
rect translations of Spice, like Classic Spice 
from Vamp and IsSpice from Intusoft.” 

Here at MicroSim Corp., we believe that 
PSpice is actually more comparable, as far 
as functionality goes, to the higher-priced 
Spice simulators that were not included in 
the article. PSpice is not a direct translation 
of Berkeley Spice, and has many enhance¬ 
ments that make the product far superior to 
the other simulators Hines referred to in the 
article. 

For the past six years, MicroSim Corp. has 
released a new version of software twice a 
year. Consequently, the mean time for bug 
fixes to most problems is three months. 

For special situations, we have often 
provided a turnaround of two to three 
weeks. Our customers feel that this is in fact 
an outstanding service for CAD software. 

The author’s comments regarding the 
supposed weakness of our Probe postpro¬ 
cessor, due to its use of single-precision for¬ 
mat, highlights a misunderstanding. The 
single-precision format retains six digits of 
accuracy, or 0.0001 percent, whereas most 
analog simulations are commanded to pro¬ 
vide only 0.1 percent. So the choice of for¬ 
mat provides sufficient margin in represent¬ 
ing simulation output. 

Janet A. Roberts 

Irvine, Calif. 

The author responds: PSpice has many 
unique features. Most, however, are useful 
to only a few circuit designers. These unique 
features also make PSpice input files incom¬ 
patible with Spice 2G-based simulators on 
mainframes and supercomputers. And, other 
vendors have added the most useful PSpice 


unique features to their 2G-based simulators 
through pre- and postprocessor programs 
and subcircuit libraries. 

When MicroSim was shipping 3.0x ver¬ 
sions of PSpice, the time to fix a bug was 
indeed two to three months. Its performance 
was not that good, however, with bug fixes 
for the 4.0x versions. 

For example, a friend discovered and 
reported what he felt was a serious bug in 
PSpice 4.03. He was told that it was too late 
to get a fix into the 4.04 version, which would 
be shipped in two to three months, and that 
it was problematic if the fix would get into 
the 4.05 version, which would ship six 
months after 4.04, since there was a list of 
known problems that had to be worked down 
before his problem could be addressed. 
Other engineers have reported similar ex¬ 
periences. 

Probe data are indeed accurate to sk 
digits. Six digits, however, may not be 
enough when the user is looking at small 
differences between big signals. 

For example, when Probe calculates and 
plots the transfer function of a pressure sen¬ 
sor subcircuit consisting of only linear ele¬ 
ments, the gain does not appear to be linear 
for low pressures because a single-precision 
number times the difference of two almost 
equal single-precision numbers divided by 
a fourth single-precision number is not cal¬ 
culated accurately. This is not a serious prob¬ 
lem, but every year I do see knowledgea¬ 
ble engineers puzzling over unusual Probe 
plots that are artifacts of single-precision 
arithmetic. 


Corrections 

On p. 84 of the January issue, under Com¬ 
munications Magazine, the telephone num¬ 
ber should have been 201-8294064. On 
p. 85, under Geoscience and Remote Sens¬ 
ing, IEEE Trans. , the telephone number 
should have been 405-325-6020. 

On p. 3 of the February issue, the Dec. 
14 Newslog item on an Environmental Pro¬ 
tection Agency report should have referred 
to 60-hertz fields. —Ed. 


Readers are invited to comment in this department 
on material previously published in IEEE Spectrum-, 
on the policies and operations of the IEEE; and on 
technical, economic, or social matters of interest to 
the electrical and electronics engineering profession. 
Short, concise letters are preferred. The Editor re¬ 
serves the right to limit debate on controversial is¬ 
sues. Contact: Forum, IEEE Spectrum, 345 East 47fh 
Street, New York, N.Y 10017 U.S.A. 
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■ To find out how SuperCard can work for you, call: 

1 - 3 UI 1-800-325-3110 or 617-272-6020, (Fax 508-663-0150) 

" * or write CSPl, 40 Linnell Circle, Billerica, MA 01821. 

SuperCard is a trademark of CSP Inc., i860 is a trademark of Intel Corp. 
TURBOchannel is a trademark of Digital Equipment Corp. 
pSOS+ is a trademark of Software Components Group, Inc. 


Sjiml * Perfiimix.., 

fk Superljril Ulf of iSIH hfot Pmmts 


The second generation of i860-based SuperCards™is here... 
vector processors with GigaFLOPS system capability, 
concurrent I/O via secondary buses, large math libraries, 
FORTRAN and C development software... and, best of 
all, the best price on the market. The SuperCard family 
is compatible with VMEbus, ATbus, EISAbus and 
TURBOchannel platforms for hosts like Sun, HP, Motorola, 
Compaq, and DEC... here's what you get: 


■ 1024 complex FET in 0.8 msec. 

■ 80 MFLOPS to 1.5 GFLOPS 

■ 160 MB/sec I/O 

■ Large memories 

■ pSOS-i- Multiprocessing 

■ CASE Tools 





Whatever ha p pened to...? 



In this artist’s rendering, the SP-100 nuclear fission reactor forms the tip of the nose cone 
of a power plant. A boom connects the power plant to a mission module. 


Nuclearm/erinspace 

April 3.1965 The United States launches 
a nuclear Hsslon reactor Into space lor 
the first time. But an electronic error 
causes It to till after 43 days aloft. 

That launch was also the United States’ last 
reactor mission to date. But as space mis¬ 
sions grow more complex and longer, they 
need larger supplies of electric energy— 
perhaps as much as 22 gigajoules, or 100 
kilowatts for seven years’ duration. It now 
appears that nuclear fission is the only feasi¬ 
ble way of meeting this requirement—as 
IEEE Spectrum said after exploring the state 
of research back in December 1984 
[pp. 58-65]. 

The article’s conclusion that suitable 
nuclear power plants could possibly be oper¬ 
ational in the early 1990s was only slightly 
off the mark. Reductions in funding over 
the past seven years have pushed back 
the projected completion date to the late 
1990s. And the level of funding in the future 
may very well determine if this goal is 
achieved. 

To date, the largest space-based power 
plants have delivered about 150 megajoules 
of energy. 

Solar arrays, radioisotope thermoelectric 
generators, and fuel cells have managed to 
reach or approach this level. But future mis¬ 
sions such as the colonization of the moon 
or maimed interplanetary travel will require 
much more energy. Solar arrays have 
produced about 100 kW in earth orbits, but 
their power output would drop sharply on 
a mission to Mars and they are vulnerable 
to damage by micrometeorites. Fuel cells 
can provide power for only a few months. 
In contrast, a nuclear reactor can be built to 
be robust enough to withstand micrometeor¬ 
ites and deliver power for years at almost 
any location. 

For these reasons, the National Aero¬ 
nautics and Space Administration is still very 
interested in nuclear power. As the March 
1991 issue of THE INSTITUTE reported, the 
United States acquired a compact Topaz II 
thermionic nuclear reactor from the Soviet 
Union. 

A thermionic reactor produces electri¬ 
city in the reactor core. Heat from reactor 
fuel raises the temperature of one surface 
of each thermionic cell (the cathode or emit¬ 
ter) to 1700 K, causing it to emit electrons. 
The resulting electrons cross an interelec¬ 
trode gap and are collected at an anode. The 
anode is cooled to about 1050 K. The Topaz 


II can deliver 6 kW (upgradable to 10 kW) 
and is expected to have a lifetime of five 
years, although only two years has been 
demonstrated. It can provide enough power 
to run, for example, a satellite radar that pin¬ 
points the locations of aircraft for tr^fic 
control. 

The United States has also made signifi¬ 
cant progress in high-power reactors, ac¬ 
cording to Vincent S. Truscello, manager of 
the SP-100 project for a high-powered reac¬ 
tor for use in space at the Jet Propulsion 
Laboratory OPL), Pasadena, Calif. The 
eight-year-old project has produced a tech¬ 
nically feasible design of a reactor produc¬ 
ing 100 kW (continuous) and is currently fo¬ 
cused on solving the engineering problems. 

The thermal power source is a fast- 
neutron-spectrum nuclear reactor that 
produces heat from the fission of uranium 
and so operates at 1300-1400 K. The fuel 
pin cladding is manufactured by bonding a 
niobium zirconium alloy to a rhenium inner 
layer at high temperature and pressure. 
Silicon-germanium solid-state thermoelec¬ 
tric devices convert this heat energy into 
electricity. The power level is controlled by 
means of sliding reflectors on the surface of 
the package. Liquid lithium is used to cool 
the system. 

Development work continues on the reac¬ 
tor shield, controls, and cooling pumps, gas 


separators, power converter, and waste-heat 
radator. Successful development will allow 
the SP-100 project to move into assembly- 
level testing and finally launch qualification 
testing. 

The complete reactor power system will 
be quite small compared to commercial reac¬ 
tor systems—it will take up only about a third 
of the space shuttle’s cargo bay and weigh 
4500 kilograms. It could also be launched by 
an unmarmed boster such as a Titan rocket. 
The package will produce 100 kW, continu¬ 
ously, for seven years for a total of over 22 
GJ. 

Truscello feels that the power plant could 
first be used to supply electricity to a lunar 
base or for a manned mission to Mars and 
maybe later to power an ion propulsion drive 
for interplanetary exploration. 

The SP-100 project is being jointly fund¬ 
ed by NASA, the Department of Defense, 
and the Department of Energy. The fiscal 
1991 budget is US $50 million. About $1 bil¬ 
lion more will be needed to produce a ground 
demonstration unit. If the engineering de¬ 
velopment continues to go well, the final 
hurdles to clear may very well be financial 
and political ones. 


COORDINATOR: Dennis DiMaria 

CONSULTANT: Vincent S. Truscello, Jet Propulsion 

Laboratory 
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ItM easy being top dog. 


Sometimes it’s harder to stay out front than it is 
to get there. That’s why you need a CAE environment 
designed to keep the competition where it belongs. 
Behind you. 

Presenting Ctrl-C and Model C. Ctrl-C is the 
interactive command-driven language for classical 
and modern control design and analysis, signal 
processing, system identification and optimization, 
and engineering graphics. Model-C is the block 
diagram modeling and simulation program for work¬ 
station environments. It simplifies all phases of 
systems engineering, on projects ranging from 


chemical process modeling to underwater propulsion. 
Features include hierarchical model construction 
for mixed continuous and discrete systems, lineariza¬ 
tion, and automatic code generation. 

Ctrl-C and Model C from Systems Control 
Technology, Inc. When you want your project to fly, 
there’s no better way to get it off the ground. 

For more information contact the CAE Systems 
Sales Department at 800-227-1910, telex 176451SYSTEC 
PLA, fax 415-496-6595, or write to 2300 
Geng Road, Palo Alto, California 94303. 

CAE Systems is a division of SCT, Inc. ■■■ 



















LEADING AUTHORS 
LEADING TITLES 


□ COMPUTER GRAPHICS, 2/e by J. Foley, 

A. van Dam, S. Feiner, J. Hughes 

Now completely revised and updated to include state- 
of-the-ort techniques you'll use through the '90s. 

(12110) 1990 $64.95 

□ THE ART OF PROBABILITY FOR SCIENTISTS 
AND ENGINEERS 

by Richard Hamming 

Explore probability and its application to a broad range 
of scientific and mathematical disciplines. 

(51058) 1990 $48.95 

□ NEUROCOMPUTING 

by Robert Hecht-Nielsen 

Encyclopedic in scope, the definitive sourcebook 
covering theory, software, hardware, and applications. 
(09355) 1990 $47.95 

□ OBJEG-ORIENTED DESIGN 
by Grady Booch 

"Basically the only book worth reading on Object- 
Oriented Design!"— Bjarne Strousttup, AT&T Bell 
Labs. (30091) 1991 $40.95 

□ MICROWAVE ENGINEERING 
by David Pozar 

Tbe first in-depth treatment af both passive and active 
circuits. Filled with examples and photos. 

(50418) 1990 $63.95 

□ ALGORITHMS INC 

by Robert Sedgewick 

The tools you need to run and debug useful algorithms 
— implemented in C for testing on real applications. 
(51425) 1990 $40.95 

□ MASTERING TECHNICAL WRITING 
by Joseph Mancuso 

Write organized, concise, jargon-free technical docu¬ 
ments that are professional and inviting. 

(52350) 1990 paper $27.95 


FREE BOOK OFFER 

l-FREE-FOR-SIX 

1-800-333-0088 

Exf.2872 


CHECK OFF, FILL OUT & MAIL TO: 

A Addison-Wesley Publishing Company 

Dept. MAA-1, One Jacob Way 
Reading, MA 01867 

Name_ 

Company- 
Address — 

City- 

$tate/Zip - 
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Calendar 


(Continued from p. 8) 

Third International Conference on In¬ 
ditun Phosphide and Related Materials 
(ED): April 8-10; Park Hotel, Cardiff, Wales, 
UK; Robert Wangemann, IEEE Service 
Center, 445 Hoes Lane, Box 1331, Piscata- 
way, N.J. 08855-1331; 201-562-3895. 

International Reliability Physics Sym¬ 
posium (ED, R); April 8-11; Caesars Pal¬ 
ace, Las Vegas, Nev.; Alfred L. Tamburri- 
no, RADC/RBRP, Griffiss AFB, N.Y. 
13441-5700; 315-330-2813. 

Microwaves in Medicine ’91 (MTT et 
al.): April 8-11; Branka Jokanovic, IMTEL, 
Bulevar Lenjina 165b, 11070 Beograd, Yu¬ 
goslavia; (38-t-ll) 135 420, ext. 127. 

Multichip Modules: Technologies and 
Alternatives Seminar (CHMT); April 13; 
Embassy Suites Hotel, La Jolla, Calif.; Daryl 
A. Doane, Dad Technologies Inc., Box 2915, 
La JoUa, Calif. 92038; 619459-6795. 

Ninth Armual IEEE VLSI Test Sympo¬ 
sium (COMP et al.); April 16-18; Bally’s 
Park Place Casino Hotel, Atlantic City, NJ.; 
Kedong Chao, Johns Hopkins University, 
APL-Johns Hopkins Road, Laurel, Md. 
20723; 301-953-6121; fax, 301-953-1093. 

Electro/Intemational (Region 1 et al.); 
April 16-18; Jacob K. Javits Convention Cen¬ 
ter, New York; Electronic Conventions 
Management, 8110 Airport Blvd., Los An¬ 
geles, Calif. 90045; 213-772-2965; fax, 
213-641-5117. 

International Symposium on Power 
Semiconductor Devices (ED); April 22- 
24; Baltimore, Md.; M. Ayman Shibib, 
AT&T Bell Laboratories, 2525 N. 12th St., 
Reading, Pa. 19612; 215-939-6576. 

10th International Symposium on 
Computer Hardware Description Lan¬ 
guages and their Applications (IFIP et 
al.): April 22-24; Marseille, France; Ronald 
Waxman, Department of Electrical En¬ 
gineering, Thornton Hall, University of Vir¬ 
ginia, Charlottesville, Va. 22903-2442; 
804-924-6086. 

International Symposium on Sub¬ 
scriber Loops and Services-ISSLS ’91 
(COMM et al.); April 22-25; Raicon- 
grescentrum Europaplein, Amsterdam, The 
Netherlands; Paul’t Hoen, PTT Nether¬ 
lands, Box 39,2260 AA Leidsehenam, The 
Netherlands; (31+70) 43 22 33; fax, (31+70) 
43 21 40. 

International Workshop: Quality of 

(Continued on p. 18D) 


DSP FOR THE 90’S 


SunFllter™ 

FILTER DESIGN SOFTWARE 
for the Sun 4 
available now! 


Also FDAS™and MacFilter™ 

for IBM and Macintosh”* 

• HR & FIR DESIGNS 

• PARKS McClellan 

• TRANSFER FUNCTION ANALYSIS 

• COEFFICIENT QUANTIZATION 

• INTUITIVELY EASY TO USE 

CODE GENERATORS 

• AT8.T, ANALOG DEVICES 

• MOTOROLA, TEXAS INSTRUMENTS 

HARDWARE 
DEVELDPMENT TOOLS 
DEMOS AVAILABLE 


MOMENTUM DATA SYSTEMS 
1520 NUTMEG PLACE #108 
COSTA MESA, CA 92626 
TEL: (714) 557-6884 
FAX: (714) 557-6969 


MACINTOSH IS A 
COMPUTER, INC. 


REGISTERED TRADEMARK OF APPLE 

Circle No. 31 
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RODOENBERRY. 


Precisely reproduced with assistance from 
STAR trek’ creator Gene Roddenberry. 

Sculptured and handcrafted in fine hand- 
finished pewter. The main sensor and navi¬ 
gational deflector glow with 24-karat gold 
electroplate. The top propulsion units blaze 
with fiery red crystal cabochons. 

Available only on planet Earth, and only from 
The Franklin Mint. 

Priced at $195. 


TO BOLDLY GO ■ 
WHERE ^0 MAN 
HAS GONE before: 


The first pewter re-creation ever author¬ 
ized by Paramount Pictures of the most 
famous starship of all time. 

The Starship Enterprise.™ Symbol of the eternal 
quest to explore new worlds. 

Now, the starship that carried Kirk, Spock 
and McCoy to the far reaches of the galaxy can 
be yours. Announcing the first fully authorized 
pewter re-creation of the starship that has 
inspired millions. 
















Calendar 


(Continued from p. 18B) 
Telecommunications Services and 
Products aEEE QAMC); April 23-25; Val 
David, Canada; V. Seshadri, Room 3J536, 
AT&T, Crawfords Comer Road, Holmdel, 
NJ. 07733. 


MAY 


lEEE/IAS Industrial and Commercial 
Power Systems Conference-I&CPS 


NEW! VERSION 2 


’91 (lA); May 6-9; Hilton Inn, Memphis, 
Teim.; Allan H. Long, Memphis Light, Gas, 
& Water Division, Box 430, Memphis, Tenn. 
38101-0430; 901-5284859. 

Power Industry Computer Applica¬ 
tions Conference-PICA ’91 (PE); May 
7-10; Hyatt Regency/Sheraton, Baltimore, 
Md.; W. Keagle Jr., Baltimore Gas & Elec¬ 
tric Co., Electric Test Facility-RBC, Box 
1475, Baltimore, Md. 21203; 301-281-3788. 

Pacific Rim Conference on Communi¬ 
cations Computers and Signal 


Processing (Victoria Section); May 9-10; 
Pan Agathoklis, Department of Electrical 
and Computer Engineering, University of 
Victoria, Box 3055, Victoria, B.C., Canada 
V8W 3P6; 604-721-8618. 

Fourth IEEE Symposium on Comput¬ 
er-Based Medical Systems (COMP et 
al.); May 12-14; Stouffer Harborplace 
Hotel, Bdtimore, Md.; Jeffrey Lesho, The 
Johns Hopkins University, Johns Hopkins 
Road 13-5112, Laurel, Md. 20723-6099; Bal¬ 
timore, 301-792-5000, ext. 8057; Washing¬ 
ton, 301-953-5000, ext. 8057. 

Custom Integrated Circuits Confer¬ 
ence (ED); May 12-15; Town and Country 
Hotel, San Diego, Calif.; Laura Morihara, 
Convention Coordinating, 298 Ohina Place, 
Kihei, Maui, Hawaii 96753; or Roberta 
Kaspar, 1597 Ridge Rd. W., Suite lOlC, 
Rochester, N.Y. 14615; 716-865-7164; fax, 
716-865-2639. 


Recursive & iterative programming • Over 70 new math functions • New manuai, 500 exampies & exercises 

The Joy of E)EniVE)} ing. 



built-in star 
equipment 



and 

on-line help 
make it easy- you’ll 
soon be up to speed 
doing math, instead 
of trying to learn how to drive 
the software. 


DERIVE-A Mathematical 
Assistant program. 

PC Magazine says it's 
“a joy to use"and proclaims it 
“Editors' Choice." PC Week 
calls it “fast and capabie." 
The DERiVEm program is 
delivered with 


Human engineering. 

You don’t have to be fluent in com¬ 
puterese to use DERIVE. In fact, it’s the 
friendliest and easiest to use of any 

symbolic math package 
on the road today. 

Its menu-driven 
interface 


that 

delights 

both math lovers 
and math phobics. 

High performance. 

DERIVE does numeric and symbolic 
equation solving, exact and approximate 
arithmetic to thousands of digits, calculus, 
trigonometry and matrices, it displays for¬ 
mulas in comprehensible 2D format using 
raised exponents and built-up fractions. It 
plots beautiful 2D curves and 3D surfaces 
on monochrome or color monitors. 
Compact and sporty. 

PC Magazine calls it a “small wonder." All 
it takes is 512K of memory and one floppy 
disk drive. DERIVE takes to the road on PC 
compatibles, and really gets around on 
laptop and even handheld computers! 


Freedom to maneuver. 

DERIVE's automated expertise releases 
you from the drudgery of hand calcula¬ 
tions. You can do problems you'd never 
attempt otherwise and obtain exact sym¬ 
bolic solutions, in addition to approximate 
numerical solutions. 

No sticker shock. 

DERIVE's suggested retail price is $250. 
And of course DERIVE doesn’t require an 
expensive computer, a math co-proces- 
sor, or even a hard disk drive. 

Order DERIVE through your favorite 
software dealer or mail-order house. For a 
list of dealers, write Soft Warehouse, Inc. 
at 3615 Harding Avenue, Suite 505, 
Honolulu, HI 96816. Or call (808)734-5801 
after 11 a.m. Pacific Standard Time. 

And happy DERiVEingl 


DERIVE \s a Handcrafted 

registered trademark of Software 

Sort Warehouse, Inc. for the Mind 
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Custom Integrated Circuits Confer- 
ence-CICC ’91 (ED); May 13-16; Town 
& Country Hotel, San Diego, Calif.; Laura 
Morihara, Convention Coordinating, 47-344 
Waihee Rd., Kaneohe, Oahu, Hawaii 96744; 
808-239-4790. 

Fifth International Conference on Ad¬ 
vanced Computer Technology, Relia¬ 
ble Systems and Applications-Comp- 
euro ’91 (ED); May 7-10; Palazzo della 
Cultura e dei Congressi, Bologna, Italy; Ser- 
coop Congressi, Via Crociali 2 40100, Bolo¬ 
gna, Italy; (39 h-51) 300811. 

Ideas in Science and Electronics Sym- 
posiiun and Exposition (IEEE Albuquer¬ 
que et al.); May 14-16; Albuquerque Con¬ 
vention Center, New Mexico; Dave Smoker 
Communications, 218 Manzano, N.E., Albu¬ 
querque, N.M. 87108; 505-266-7292; or 
Charles E. Christmann, do ISE Inc., 8100 
Mountain Rd. N.E., Suite 109, Albuquerque, 
N.M. 87110; 505-262-1023. 

Instrumentation and Measurement 
Technology Conference (IMTC); May 
14-16; Omni Hotel at CNN Center, Atlan¬ 
ta, Ga.; Robert Myers, 3685 Motor Ave., 
Suite 240, Los Angeles, Calif. 90034; 213- 
287-1463; fax; 213-287-1851. 

Vehicular Technology Conference (VT 
et al.); May 19-22; Sheridan West Pbrt Inns, 
Maryland Heights, Mo.; Jay Undeidown, 58 
Judy Dr., St. Charles, Mo. 63301; 314-946- 
9980 (0); 314-723-4200 (H). 

International Semiconductor Manu¬ 
facturing Science Symposium (ED); 
May 20-22; San Francisco Airport Hilton 
Hotel, San Francisco; Corinne Cargnoni, 
SEMI, 805 E. Middlefield Rd., Mountain 
(Continued on p. 18F) 
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THE WILEY DESIGNER LIBRARY 


Enhance your 
knowledge, advance 
your career ... with 
WILEY ! . 


□ FIBEROPTIC 
SENSORS 

An Introduction for 
Engineers and Scientists 

Edited by ERIC UDD 
A comprehensive introduction to the 
field by the experts who pioneered 
the technology. Three self-contained 
sections cover basic components, 
technology, and applications and sys- 

1-83007-0 1991 440pp $64.95 

n BASICS OF 
ELECTRON OPTICS 

DAVID A. DEWOLF 
Presents an introduction to the optics 
of guiding charged-particle beams 
through electromagnetic fields. 
Stresses fundamental principles. 
1-52457-3 1990 200pp $44.95 

□ DIGITAL IMAGE 
PROCESSING 
Second Edition 

WILLIAM K. PRATT 
Intended as both a professional refer¬ 
ence and a graduate text, this exten¬ 
sively revised bestseller includes 
more than 50% new material, much 
of which deals with image analysis. 
1-85766 1991 752pp $69.95(tent) 

n COHERENCE, 
AMPLIFICATION AND 
QUANTUM EFFECTS IN 
SEMICONDUCTOR 
LASERS 

EDITED BY YOSHIHISA YAMAMOTO 
Covers classical and quantum aspects 
of semiconductor lasers and related 
applications. 

1-51249-4 1991 656pp $74.95 


□ FUNDAMENTALS OF 
PHOTONICS 

BAHAA SALEH & MALVIN TEICH 
Treats the interaction of optics and 
electronics and their important appli¬ 
cations in lasers, optical fibers, and 
semiconductor optical devices. 
1-83965-5 1991 800pp $64.95(1601) 

□ DIGITAL MAGNETIC 
RECORDING 

Second Edition 

A. HOAGLAND & J. E. MONSON 
A comprehensive, self-contained in¬ 
troduction to the field, with coverage 
of basic concepts and tools, design 
principles, components and applica¬ 
tions. 

1-40144-7 1991 250pp $49.95(tent) 


□ SYNTHETIC 
APERTURE RADAR 
Systems and Signal 
Processing 

JOHN C. CURLANDER 
& ROBERT McDonough 
Describes digital processing of SAR 
and provides information essential to 
processing system designers. 
1-85770-X 1991 450pp(es.) $64.95(te„t.) 

□ DESIGN FOR SUCCESS 
A Human Centered 
Approach to Designing 
Successful Products and 
Systems 

WILLIAM B. ROUSE 
Discusses a wide range of methods 
and tools, and illustrates techniques 
with case studies. 

1-52483-2 1991 304pp $44.95 


□ MICROWAVE 
IMAGING TECHNIQUES 

B. STEINBERG & H. SUBBARAM 
Gives principles and design proce¬ 
dures for achieving the necessary self 
calibration techniques of very large 
arrays and methods for obtaining op¬ 
timum resolution and image quality. 
1-50078-X 1991 304pp $59.95(tent) 

□ COMPUTER-AIDED 
SOFTWARE DESIGN 
Build Quality Software 
with CASE 

MAX SCHINDLER 

Introduces the methodology and 
commercial tools of CASE while 
promoting quality software design 
and engineering. 

1-50650-8 1990 395pp $27.95(pb) 

□ ELECTRICAL 
TRANSIENTS IN POWER 
SYSTEMS 

Second Edition 

ALLAN GREENWOOD 

Provides a solid foundation for the 

subject, based on practical experi¬ 


ences. Includes numerous examples 
and problems. Fully updated. 
1-62058-0 1991 768pp $79.95 

□ ELECTROMAGNETIC 
WAVE THEORY 
Second Edition 

JIN AU KONG 

Offers an updated, modem approach 
to the field with emphasis on mathe¬ 
matics, problem solving, and physical 
interpretation. 

1-52214-7 1990 704pp $64.95 


□ GENERALIZED 
MOMENT METHODS IN 
ELECTROMAGNETICS 
Formulation and 
Computer Solution of 
Integral Equations 
JOHNSON J.H. WANG 

Covers the numerical aspects and 
analytical background of moment 
methods. Reflects advances which 
have not yet appeared elsewhere. 
1-51443-8 1991 576pp $74.95 

□ COMPUTER 
ANALYSIS OF POWER 
SYSTEMS 

J. ARRILLAGA & C. P. ARNOLD 
Includes new material on transient 
power system analysis and interactive 
power system analysis with emphasis 
on microcomputers. 

1-92760-0 1991 361pp $39.95 

□ DIGITAL NETWORK¬ 
ING AND T-CARRIER 
ANALYSIS 

GILBERT HELD 

Provides techniques for testing and 
troubleshooting circuits and equip¬ 
ment to isolate problems and mini¬ 
mize outages. 

l-928(X)-3 1991 156pp $39.95 

□ NETWORKS 

The Means and Practice 
of Telecommunications 

M. P. CLARK 

Covers the practical aspects of run¬ 
ning and setting up networks, new 
technologies, and considerations for 
running a business based on telecom¬ 
munications. 

1-92799-6 1991 624pp $59.95 


To order by phone: 


Call Toll-Free 
1-800-526-5368 

All other inquiries, call 212-850-6418 

(®) WILEY 


Order through your bookstore, or check off your selection, fill out the form below & mail the 
entire ad to: JOHN WILEY & SONS, INC., 605 Third Avenue, NY, NY 10158, Att: S. Nelson. 

[ ] Send for 15 day exam, with bill. [ ] Payment enclosed (Prepaid orders will be sent postpaid). 
NAME:_ 

FIRM:_ 
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View, Calif. 94043; 415-940-6950. 

National Aerospace and Electronics 
Conference-NAECON ’91 (AES et al.); 
May 20-24; Dayton Convention Center, 
Ohio; Sue Brown, ASD/ENES, Wright- 
Patterson AFB, Ohio 45433-6503; 
513-255-6281. 

Annual lEEE/ASME Joint Railroad 
Conference (IEEE et al.); May 21-23; 
Sheraton Westport Inn, 191 Westport Plaza, 
St. Louis, Mo. 63146; Robert B. Fisher, 
Land Transportation Division, Southeastern 
Pennsylvania Transportation Authority, 5800 
Bustleton Ave., Philadelphia, Ph. 19149; 
215-580-4888. 

International Symposium on VLSI 
Technology, Systems, and Applica¬ 
tions (ED); May 22-24; Lai Lai Sheraton 
Hotel, Taipei, Taiwan; Alice Chiang, Lincoln 
Laboratory, MIT, 244 Wood St., Lexington, 
Mass. 02173-0073; 617-981-0711. 

Mediterranean Electrotechnical Con¬ 
ference (Region 8); May 22-24; Ljubljana, 
Yugoslavia; Baldomir Zajc, Fakuteta za Elek- 
trotehniko, Trzaska 25,61000 Ljubljana, Yu¬ 
goslavia. 


International Workshop on VLSI Proc¬ 
ess and Device Modeling (ED); May 
26-27; Oiso Prince Hotel, Kanagawa, Japan; 
Hiroshi Iwai, Toshiba Corp., 1 Komukai, 
Toshiba-cho, Saiwai-ku, Kawasaki 210, 
Japan; (81+44) 549 2266. 

VLSI Technology Symposium (ED); 
May 28-30; Oiso Prince Hotel, Kanagawa, 
Japan; Dirk Bartelink, Hewlett-Packard Co., 
3500 Deer Creek Rd., Palo Alto, Calif. 
94304; 415-857-5364. 

35th International Symposium on 
Electron, Ion and Photon Beams (ED); 
May 28-31; Seattle Sheraton Hotel and Tow¬ 
ers, Washington; Jane Shaw, IBM Corp., 
Thomas J. Watson Research Center, Room 
17-259, Yorktown Heights, N.Y. 10598; 
914-945-2528. 

Conference on Computers, Power and 
Communications in a Rural Environ- 
ment-Wescemex ’91 (Region 7 et al.); 
May 29-30; Delta Regina Hotel, Regina, 
Sask., Canada; Bill Kennedy, Saskatchewan 
Power Corp., 2025 Victoria, Regina, Sask., 
Canada S4P OSl; 306-566-2106. 

45th Annual Symposium on Frequen¬ 
cy Control (UFFC); May 29-31; Marriott 
Los Angeles Airport, Cahfomia; Raymond 
L. Filler, U.S. Amy Electronics and Tech¬ 


nical Devices Laboratory, SLCET-EQ, Fort 
Monmouth, N.J. 07703; 908-544-2467. 


JUNE 


Fourth International Conference on 
Industrial and Engineering Applica¬ 
tions of Artificial Intelligence and Ex¬ 
pert Sptems (COMP et al.); June 2-5; 
Waiohai Hotel, Kauai, Hawaii; Moonis Ali, 
University of Tennessee Space Institute, 
MS15, B.H. Goethert Parkway, TuUahoma, 
Tenn. 37388; 615-455-0631, ext. 236; fax, 
615-454-2354. 

International Conference on Con¬ 
sumer Electronics (IEEE et al.); June 5-7 
(Educational Session, June 4); Westin Hotel 
O’Hare, Rosemont, Ill.; Diane D. Williams, 
67 Raspberry Patch Dr., Rochester, N.Y. 
14612; 776-865-2938. 

Intensive Course on Electrical Con¬ 
tacts (lEEE/CHMT); June 3-7; Radisson 
Plaza feleigh, Raleigh, N.C.; IEEE Holm 
Conference Registrar, 445 Hoes Lane, Box 
1331, Piscataway, NJ. 08855-1331; 908-562- 
3863; fax, 908-562-1571. 

Pulp and Paper Industry Conference 
(lA); June 3-7; Hotel des Gouvemeurs Le 
(Continued on p. 18H) 



SigmaPlot'' 4.0. / 

The world's finest PC software for th/produc¬ 
tion of publication-quality scientify charts and 
graphs...on your own IBM® or coimatible 
personal computer. / 

Used by over 20,000 scientists 

SigmaPlot is the software of plioice worldwide 
for creating graphics for scientific papers and 
poster sessions. It was sel^ted “Editor’s Choice” 
by PC Magazine for its o/tstanding output. And 
INFOWORLD recently (failed Version 4.0 “the 
best graphics package,for the complex technical 
graphs wanted by most scientists and engineers.” 


Designed by scientists for scientists. 

• Easy-to-use pull-down menu interface 

• Direct data input from Lotus 123® and ASCII files 

• Automatic error-bars, confidence intervals and 
quality-control lines 

• Wide range of specialized scales and graphs 

• Outstanding page layout control 

• Sophisticated nor+linear curve fitting 

• Full mathematical transform language 
•Huge data worksheet 

• Export graphs into WordPerfect® 5.0, 
Microsoft Word®, Pagemaker®, Ventura 
Publisher® and others 

• Extremely high-quality output 


Affordable and fully supported. 

Sigmaflot 4.0 is well within reach of any 
research facility. And, like all Jandel products, 
SigmaPlot 4.0 comes with a money-back 
guarantee and the full technical support of 
Jandel’s experts. Call today for a FREE brochure: 
1-800-874-1888 (inside CA 415-924-8640). 

1 65 Koch Road 
Corte Madera, CA 94925 
FAX; 415-924-2850 • TELEX: 4931977 
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* * Location And Logistics 
** ** Industrial Infrastructure 

if * Workforce 


A great cup of cocoa, 
but a very disciplined 
coffee break 


Holland’s workforce is one of its 
strongest business assets, embody¬ 
ing an extraordinary combination 
of language and technical skills, 
know how, discipline, work ethic 
and “can do” attitude. 

The Netherlands has had the low¬ 
est number of days lost to strikes 
and the lowest increase in unit 
labor costs in the EC over the 
last decade. We have about the 
highest productivity as measured 
by relative unit labor costs in 
manufacturing. 

The Dutch people are seen as the 
most outward^ oriented and multi¬ 
lingual of Europeans. English is 
virtually a second language. 

The Dutch are also versed in the 
languages of business and high- 
technology. 

Government policy and spending 
forge strong links between educa¬ 
tion and industry. Thirteen univer¬ 
sities and more than 100 technical 
institutes train the management 
and staff you need in CIM, telecom, 
biotech, med-tech, information 
processing, office automation, 
software and micro-electronics. 

And when it’s time to hit the 
cocoa, the Dutch—as well as 
foreigners living in Holland—enjoy 
a worldly, prosperous way of life. 



—^bjetheriands— 
pQreignfnvestrnent 


:ncy- 


NEW YORK (212) 246-1434 • SAN MATEO (416) 349-8848 • LOS ANGELES (213) 477-8288 • OTTAWA (613) 237-5030 



Please send me literature on the Netherlands: Europe’s Gateway to 1992. 

Complete this coupon and mail it to: Mr. Irwin de Jong, Executive Director 
Netherlands Foreign Investment Agency, One Rockefeller Plaza, New York, NY 10020. 



HIT THE GROUND RUNNING 
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Grand, Montreal; Michel Riverin, Relcon 
Inc., 0403 Clement St., Montreal, Que., 
Canada HSR 4B4; 514-595-5999; fax, 
514-595-5680. 

Microwave and Millimeter-Wave 
Monolithic Circuits Symposium (ED); 
June 9-10; Hynes Convention Center, Bos¬ 
ton; Charles Huang, Anadigics Inc., 35 
Technology Dr., Warren, N.J. 07060; 
201-668-5000. 


VLSI Multilevel Interconnection Con¬ 
ference (VMIC) (ED); June 10-13; Santa 
Clara Marriott Hotel, California; Thomas 
Wade, Engineering Dean’s Office, Univer¬ 
sity of South Florida, 4202 Fowler Ave., 
Tampa, Fla. 33620; 813-974-3786. 

International Microwave Symposium- 
MTT ’91 (MTT); June U-13; Hynes Con¬ 
vention Center, Boston; P. Staecker, MA- 
COM, M/S 704,52 South Ave., Burlington, 
Mass. 01803; 617-272-3000, ext. 1602. 

Ninth Biennial University/Govern- 


ACSL 


THE NONLINEAR SIMULATION STANDARD FOR 
MODELLING/ANALYZING CONTROL SYSTEM DYNAMICS 


* Continuous, Discrete, Muiti-rate Systems 

* Bode, Root Locus, Nichois, Nyquist piots 

* Speciai Faciiities for Digitai Controiiers 

* 17 Piatforms, Micro to Supercomputer 

* Fuli Coior Graphics 

* Interfaces to MATLAB™ and other CACSDs 

ACSL® (the Advanced Continuous Simulation 
Language) is used by thousands of control 
design engineers daily for studying the 
behavior of nonlinear systems. Control 
designers are realizing the benefits obtained 
by testing their linear designs in the "real" 
nonlinear world. With ACSL, designs can be 
explored, refined, and "what-if’d" priorXo 
taking costly implementation steps. 

Simulation makes sense, and the easy-to-use 
ACSL system has proven to be the tool of 
choice by control professionals. 

FEATURES 

* Fully Interactive 

* Steady State Finder (Trim) 

* Unlimited Model Size 

* State Space Matrices from Nonlinear Model 

* Eigenvalues, Eigenvectors, and Jacobians 

* Symbolic Access to all Variables 

* Free Format 

* Discrete State Event Finder (Discontinuities) 

* Vector/Array Capabilities 

* Powerful Macro Utility 

* Links to Existing FORTRAN Routines/Libraries 

* Well-Tested Algorithms, Including Fehiberg, 

Gear’s Stiff, Runge-Kutta, Fixed/Variable Step 





Mitchell & Gauthier Associates (MGA) 

73 Junction Square Drive ■ Concord MA 01742-3096 USA 
TEL (508) 369-5115 ■ FAX (508) 369-0013 


ment/Industry Microelectronics Sym¬ 
posium (ED); June 12-14; Florida Institute 
of Technology, Melbourne; Darlene Kirsch- 
ner, Florida Institute of Technology, 150 W. 
University Blvd., Melbourne, Fla. 32901; 
407-768-8000, ext. 8763. 

Second International Conference on 
Magnetic Recording Systems (MAG et 
al.); June 12-15; Hidden Valley Retreat, 
Pittsburgh; Gordon Hughes, Seagate Tech¬ 
nology, 900 Disc Dr., Scotts Valley, Calif. 
95066; 408-439-2626; fax, 408-438-4190. 

Device Research Conference (ED); 
June 16-19; University of Colorado, Boulder; 
Larry Coldren, University of (California, 
Department of Electrical Engineering and 
Computer Engineering, Santa Barbara, 
Calif. 93106; 805-893-4486. 

Eighth Pulsed Power Conference (ED); 
June 17-19; Sheraton Island Harbor HoteL 
San Diego, Calif.; Roger White, Maxwell 
Laboratories Inc., 8888 Balboa Ave., San 
Diego, Calif. 92123; 619-576-7884. 

University/Govermnent/Industry Con¬ 
ference (ED); June 18-20; Melbourne Holi¬ 
day Inn, Oceanside, Fla.; Thomas Sanders, 
Florida Institute of Technology, 150 W. 
University Blvd., Melbourne, Fla. 32901; 
407-768-8000, ext. 8769/8763. 

Joint Magnetism and Magnetic 
Materials-Intermag Conference 
(MAG); June 18-21; Pittsburgh Hilton, Pitts¬ 
burgh; Diane Suiters, Conference Coordi¬ 
nator, 655 15th St., N.W., Suite 300, 
Washington, D.C. 20005; 202-639-5088; fax, 
202-347-6109. 

SSIT Interdisciplinary Conference 
(SSIT); June 21-22; Ryerson Polytechnical 
Institute, Toronto, Ont.; Diane FaDoier, Pro¬ 
gram Director Conferences, Ryerson Poly¬ 
technical Institute, 350 Victoria St., Toron¬ 
to, Ont., Canada M5B 2K3; 416-979-5184; 
fax, 416-979-5148. 

International Conference on Commu¬ 
nications (COMP); June 23-26; Denver 
Technical Center, Hyatt and Sheraton, 
Colorado; R. Johnson, Western-Tele¬ 
communications Inc., 4643 S. Ulster St., 
Suite 400, Denver, Colo. 80237; 303-721- 
5650. 


Antennas and Propagation Society In¬ 
ternational Symposium and URSI Na¬ 
tional Radio Science Meeting (AP); 
June 23-27; University of Western Ontario, 
London, Ont., Canada; A. R. Webster, 
Faculty of Engineering Science, University 
of Western Ontario, London, Ont. N6A 5B9, 
Canada; 519-679-6294. 

International Symposium on Infor- 

(Continued on p. 60B) 


18H 


Circle No. 23 


; SPECTRUM MARCH 




















































Your health is the most precious possession of 
all. So you should take care of it with broad, compre¬ 
hensive medical insurance. 

Your Association has already done the looking. 
We researched dozens of plans, and used our group 
purchasing power to bring you the coverage you need 
at the price you want. The plans we selected are even 
tailored for our profession. 

The result is top-quality insurance that covers 


every family member, and that can stay in effect even 
when you change jobs. Find out more about this 
benefit of membership by calling 1-800-424-9883 (in 
Washington, D.C. call 457-6820). 


IEEE INSURANCE 

Designed by Engineers. 
ForEn^neers. 
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NEC NEWSCOPE 



GLOBAL VISION: FOR INTERNATIONAL 
CORPORATE INFORMATION NETWORKS. 


T oday's multi-national corpora¬ 
tions require an efficient network 
for international information ex¬ 
change. NEC responds with Global VISION 
(Versatile Solution-Oriented Network), 
a sophisticated private network that can 
be tailored to specific corporate needs. 

NEC provides total support for net¬ 
work construction. Our services range 
from problem analysis to system design, 
installation and maintenance. 


We even offer system operation and 
management. 

Global VISION is a high-quality, multi- 
media network that integrates tele¬ 
phone/facsimile, data and images. For 
international networking, it leases cost- 
effective, high-speed digital circuits on 
sateilites or submarine cables. Global 
VISION connects to domestic private 
networks and, where regulations permit, 
to public switched-telephone networks. 


Global VISION opens the full range 
of advanced services. Facsimile and 
voice mail eliminate time zone prob¬ 
lems. Distances disappear with inter¬ 
national teleconferencing, remote CAD 
and high-speed file transfer. 

Fligh-quality NEC products form the 
heart of Global VISION systems.These 
include our advanced multi-media 
multiplexers, PBXs, packet switches 
and facsimile mall systems. 

NEC invites consultation from cor¬ 
porations interested in Giobal VISION 
to reduce communications costs and 
improve productivity. 


CsC Computers and Communications 















NUMBER 145 


READY FOR 
SDH/SONET 
DIGITAL NETWORKS. 

T he goal of worldwide telecom¬ 
munications is free exchange of 
information throughout the 
global community. But North America, 
Europe and Japan ail have different 
digital communication standards, and 
the digital networks of the nations 
involved cannot freely interconnect. 

The network node interface (NNI) 
operating in the synchronous digital 
hierarchy (SDH) offers a clear solution. 
SDH is recommended by CCITT/CCIR 
and sets an international standard for 
high-speed digital transmission. SDH is 
the key to flexible broadband net¬ 
works that feature efficient operation, 
administration and maintenance. 

NEC is prepared to enter the SDH 
arena with new fiber optic transmis¬ 
sion systems (POTS) and digital radio 
products. The primary multiplexer 
combines tributary signals of 1.5, 2, 
or 6.3Mbps to 51.84 or 155.52Mbps. 
The high-order multiplexer bundles 
these composite signals up to 2.4Gbps. 
Cross-connector functions are also 
offered. SDH digital radios include 
4/6GHZ-150Mbps systems for long- 
haul use and an 18GHz-150Mbps 
system for short-haul use. 

POTS and digital radios with NNI are 
already in commercial service in Japan. 
POTS based on SONET (the U.S. version 
of NNI) have been on field trial in the 
U.S. since 1990. SONET digital radios 
will go on trial this year in Australia 
and the U.S. 


LATEST SHOWCASE 
OF SKYSCRAPER 
INTELLIGENCE. 


T he NEC Super Tower, our new 
180m, 43-story skyscraper in 
Tokyo, is a living model for next- 
generation smart buildings. The tower 
provides a comfortable environment 
for 6,000 headquarters 
personnel and supports 
them with integrated 
communications, 
information processing 
and television systems. 

The Super Aladdin 
system supports 20- 
plus services including 
electronic processing 
of business forms, elec¬ 
tronic mail and filing, 
electronic secretary, 
and a company-wide 
electronic cabinet. 

Super Aladdin links seven distributed 
power servers with workstations or 
2,000 PCs in a LAN. 

Telephone Aladdin, designed for 


our Open Application Interface, is a 
completely new OA system that 
integrates a digital PBXand a computer. 
Utilizing a telephone terminal with 
liquid crystal display, users can take 
advantage of message/paging services 
and an on-line telephone directory for 
over 35,000 extensions. 

TV Aladdin can broadcast strategic 
business information to 105 offices 
across the country. It also provides 
teleconferencing with 
three NEC subsidiaries 
in the U.S. 

A super-large build¬ 
ing automation system 
offers integrated con¬ 
trol for all facilities and 
manages even such 
aspects as crime pre¬ 
vention and disaster 
preparedness. The so¬ 
phisticated office and 
building automation 
systems in the tower 
are supported by 
a 622.08Mbps trunk fiber optic LAN, 
and a unique integrated voice and 
data LAN on each floor of the tower. 

Super Aladdin: Available only in Japan. 



NEW LD MODULE FOR CATV DISTRIBUTION. 


N EC's answer to the growing 
need for fiber optics in the 
CATV industry is a l.Spim distri¬ 
buted-feedback, laser-diode module. 
The OD-8339 improves picture clarity 
by reducing noise and distortions in 
analog CATV distribution. 

Higher performance comes from 
two internal isolators working in 
tandem. They deliver 50dB isolation- 


tops in the industry.ln 40-channel AM/ 
FDM CATV transmission with 4mW 
output power, our LD module offers; 
CSOS-60dB, CTBS-65dB, and 
RIN<-150dB/Hz. 

The OD-8339 comes with a single¬ 
mode fiber and a fine FC-PC or D4-PC 
connector. It provides stable operation 
over ambient temperatures from 
0°C to 55°C. 


NEC 






















AFDPLUS 

ACTIVE FILTER DESIGN 


Advanced Program for The PC 



tiLMResearch 

RO Box 3630 ■ Boulder, CO 80307-3530 
Phone 303-499-7565 ■ Fax 303-499-0877 
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Analog Circuit Simulation 

IBM PC or Compatible Products 
IsSpice $95, The complete Spice program that runs 
on all PC's. AC, DC, and Transient analyses. 
IsSpice/286 and IsSpice/386, Special 286 ($210) 
and 386 ($386) protected mode Spice versions. 
SpiceNet $295, Schematic editor for ANY Spice 
simulator (Shown Below). 

IntuScope $250, Spice graphics post processor. 
PheSpice $200, Extensive Mode! libraries, Monte 



Netlist Editor, ICAPS menu shell. 

Simulating With Spice, A complete Spice reference 
book with tutorials, examples, debugging tips and 
Spice syntax. Included with all IsSpice programs. 

Special Educational Discounts, Student 
Versions, and Network Packages available 


30 Oay Money 

Back Guarantee . ^ San Pedro. CA 

mtUSOft 90734-6607 
Tel. (213) 833-0710 Fax (213) 8! 
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Software reviews 


Linear control analysis on a PC 

by Sergio Aguirre 

Caplin. Software for 
the IBM PC, XT, AT, 

PS/2, or compatibles: 

640K of memory; 

MS-DOS version 3.0 
or higher; mathemat¬ 
ics coprocessor and 
hard-disk drive re¬ 
quired: dot matrix or 
laser printer recom¬ 
mended. US $195. 

Student version available for $49. 

Caplin is a linear control analysis program 
for PC-compatible computers. It is based on 
the classic LCAP2, which runs on main&ame 
computers and was developed by the Aero¬ 
space Corp. for analysis of space launch vehi¬ 
cles. Both the program and its manual re¬ 
flect the author’s many years of experience 
in computer-assisted control systems 
analysis. 

The interactive program analyzes single- 
input/single-output (SISO) linear control 
systems by means of transforms. It includes 
such classical analysis tools as frequency re¬ 
sponse (s, z, w, w' planes); sampled-data 
transforms (including zero order hold) and 
multirate sampled-data transforms; digital 
filter transformations using the Tustin, pre¬ 
warped Tustin, and matched pole-zero ap¬ 
proximations; and root solving and root locus. 

Caplin is limited to transfer functions or 
polynomials of degree 30; 999 polynomials 
or transfer functions; 25 continuous blocks; 
20 discrete time blocks; and five zero order 
holds. 

The program has two modes of operation. 
The prompt mode is for begirmers, who 
need only type in the name of the function 
to be performed for the program to respond 
by requesting the values of the parameters 
needed to complete the function. The com¬ 
mand line mode, for more advanced users, 
requires the name of a function and its ar¬ 
guments to be typed in. This advanced mode 
obviously takes less time to execute. 

The commands are easy to use and fairly 
easy to remember. For example, the com¬ 
mand SPADD stands for “S plane transfer 
function add. ’ ’ MS-DOS commands can be 
executed from within Caplin by invoking the 
SHELL command. With this command, ex¬ 
ternal programs can be executed, or exter¬ 
nal editors can be used to create or modify 
existing files. 

Caplin is also able to run batch files for file- 
based input. Screen dumps and printer hard¬ 
copy graphics can be made with dot matrix 
or laser printers. 


After using the program, I highly recom¬ 
mend Caplin. To my knowledge, no similar 
package for PCs has so many technical capa¬ 
bilities for such a low price. 

I was even pleased with the clarity and 
completeness of the manual. The first 53 of 
its 228 pages contain an overview and nine 
other chapters on: quick start, syntax of 
commands, general commands, entering and 
displaying polynomials, entering and display¬ 
ing transfer functions, transfer function and 
polynomial algebra, common root and nor¬ 
malization commands, classical transform 
analysis commands, and transfer function 
coimection blocks for automated analysis. 

Thirty-one pages are dedicated to the so¬ 
lution of several benchmark problems for 
computer-aided control system design 
(CACSD) packages that have appeared in the 
IEEE literature (IEEE Control Systems So¬ 
ciety Symposium on CACSD, 1986; IEEE 
Control Systems Magazine, 1989). In the re¬ 
maining 144 pages, nine appendixes include 
a glossary of Caplin commands, and a refer¬ 
ence list of Caplin parameters, among other 
items. 

A student version of Caplin may be copied 
and distributed for noncommercial use. 

Caplin has a few (noncritical) shortcom¬ 
ings. I would prefer it to be both menu and 
command driven with PC-based mouse sup¬ 
port. Other desirable but absent features 
are; graphical display of blocks and intercon¬ 
nections, plot file formats that can be read 
directly by word-processing programs with 
publication quality, and user-selected colors 
for plots. Contact: Caplin Software, Box 
7000-CAP, Redondo Beach, Calif. 90277; 
213-373-7687, or circle No. 111. 

Sergio Aguirre (M) has been a communication sys¬ 
tems engineer at Motorola Inc. 's Government Elec¬ 
tronics Group, Chandier, Ariz., since 1988. 

For large filter design 

by David L. Hench 

Digital filter section of 
SfFllsyn (release 2.2). 

DCS Associates Inc. 

IBM PC and compat¬ 
ibles: 350K of memo¬ 
ry and mathematics 
coprocessor required; 
hard disk recom¬ 
mended, 3 Mbytes used; security key at¬ 
taches to printer port. $4000. 

I feel that George Szentirmai, the system 
designer, has done an excellent job of col¬ 
lecting and making available to the novice 
or experienced user those practical tech- 
(Continaed on p. 26) 
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WhySoMaiw 

TOTEMneersAre 

GoingNowiiere. 





To go anywhere in engineering, 
you have to know what’s going on 
around you. But it’s difficult find¬ 
ing the time and resources to go 
out and gather the information so 
crucial to your success. 

That’s why so many top engi¬ 
neers are finding all the informa¬ 
tion they need without 
leaving 

offices. 

Because all they need is 
Dialog. 

As the world’s largest online 
knowledgebank, DIALOG delivers 
the leading sources 
of technologi¬ 


cal and business information to 
your own PC. 

So you can get vital inside 
information without 
ever going outside. 

With access to 
more than 12,000 rel¬ 
evant technical jour¬ 
nals, you can 
easily monitor 
recent develop¬ 
ments and new 
trends in electronics, 
energy and materials technolo¬ 
gies. You can even scan the latest 
conference 


papers from sessions worldwide. 
All without leaving your desk. 

And you won’t have to spend 
hours sifting through 
material that doesn’t 
relate to your work. 
Dialog helps you gain 
specific, pertinent in¬ 
formation instantly. So 
instead of working to 
get information, you can 
concentrate on making 
information work for you. 

You may even be able to start 
today. Check with your company’s 
librarian or information center to 
see if they’re using DIALOG. Or 
call the nearest DIALOG regional 
office. Europe: (44-865)730725, 
fax (44-865)736354; Asia: 
(813)230-1900, fax (813)230-4828; 
North America: inside U.S. 
1(800)334-2564, fax (415)858- 
7069; Outside U.S. (415)858-3785, 
fax (415)858-7069. 


Because when you have all 
the facts, there’s no telling how 
far you’ll go. 

information SERVICES. INC. 
Ivll A Knight-Ridder Company ISE 

Bringing you the world’s knowledge. 
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Software reviews 



...and the Best Technology 


Hardware 

■ NAT4882 IEEE-488.2 Controller chip 

• Optimized GPIB functionality 

■ Turbo488 performance chip 

• 1 Mbytes/sec reads and writes 

■ SCSI, serial, parallel Converters 

■ Full-function Analyzer 

■ Data Buffer for plotters 

■ Extenders for distance 

■ Expanders for more devices 

■ FCC certified 


Software 

■ High-speed IEEE-488.2 routines 
FindLstn(0, addrlist, fndlist, 5) ; 

■ Industry-standard NI-488" functions 
ibwrt(scope,"curve?", 6); 

■ HP-style commands 

PRINT #1, "OUTPUT 1;F1S2" 

■ Windows 3.0 support 

■ Interactive development and 
configuration utilities 


(Continuedfrom p. 24) 

niques that allow design, synthesis, and anal¬ 
ysis of practical high-order filters meeting 
detailed frequency-domain specifications. 
Separate program segments allow the de¬ 
velopment of infinite and finite impulse 
response filters, as well as an option using 
passband ripple, minimum stopband rejec¬ 
tion, and filter order. 

The form of the synthesis is flexible. HR 
filters may be synthesized as cascaded 
second-order sections, as lattice filters, or 
in terms of polynomial or of partial-fraction 
expanded tranrfer-function form. FIR filters 
may be factored into as many as five cascad¬ 
ed blocks and can be designed by the famil¬ 
iar McClellan-Parks-Rabiner algorithm or by 
windowing techniques. 

The latest release has acquired a menu- 
driven user interface that I found generally 
user friendly. The conversation mode of 
operation of the previous version has been 
retained as an option. An Extended Batch 
Language with example batch files is provid¬ 
ed for automating standard designs. The on¬ 
line help capability is effective but seems not 
to be a complete answer to learning the sys¬ 
tem. Some of the entry parameters are quite 
esoteric, and I had to turn to the examples 
in the manual for enlightenment. 

S/Filsyn provides analysis of the obtained 
frequency response, the impulse response, 
the step response, the noise gain, and limit 
cycles for each section. I could wish for a 
better method of obtaining hard copy of 
these analyses than using the screen dump 
or printer echo capabilities of DOS. I would 
also like to be able to run DOS commands 
fix)m within the programs. Contact: DCS As¬ 
sociates Inc., 1353Santa Way, Santa Clara, 
Calif. 95051; 408-554-1469, or circle No. 
112 . 

David L. Hench (M) is a senior scientist at the Opti- 
cat Sciences Co. in Piacentia, Caiif. He tested S/Fil¬ 
syn on an NEC APCIV portable. 


COORDINATOR: Gadi Kaplan 

Recent software 


Call for FffEE Catalog 

(512)794-0100 

(800) IEEE-488 (U.S. and Canada) 



Systal Version 5.1 for Macintosh ($795) and 
Vferslon 5.0 for DOS ($895). Provides en¬ 
hanced statistical analysis, data manage¬ 
ment, and graphics. Systat inc., 1800 Sher¬ 
man Ave., Suite 801, Evanston, III. 60201; 
708-864-5670; bulletin board, 708-492-3570, 
or circle No. 113. 

TESS Version 1.1 ($695). An IBM PC- 
compatible version of the company’s block 
diagram simulator. Tesoftinc., 205 Crossing 
Creek Ct., Roswell, Ga. 30076; 404-751- 
9785; fax, 404-664-5817, or circle No. 114. 


KEEP PACE 
WITH 

EMERGING 

TECHNOLOGIES 

PARTICIPATE IN 

THE MIT 
ADVANCED 
STUDY 
PROGRAM 

The Advanced Study Program 
of the Center for Advanced 
Engineering Study at the 
Massachusetts Institute of 
Technology is a unique, individ¬ 
ualized course of study that 
offers engineers, scientists, and 
technical managers 

• the opportunity to study 
emerging technologies first¬ 
hand, increase professional 
capabilities, and broaden 
perspectives; 

• on-campus curricuium 
Pformats taiiored to the back¬ 
grounds of individual partici¬ 
pants and the needs of their 
organizations. 

Divided into 15-week segments 
which coincide with the MIT Fall 
and Spring terms, the Program 
combines academic courses 
and seminars with guided inde¬ 
pendent study and research. 
Participants are provided on- 
campus offices, computer facil¬ 
ities, a videotape library, and a 
private lounge in the Center for 
Advanced Engineering Study 
building. In addition, partici¬ 
pants may use MIT resources 
such as libraries, Eaculty 
Club,and athletic facilities. 

Eor complete information, 
contact: 

Dr. Paul E. Brown, Director 
Advanced Study Program 
MIT/CAES, Room 9-335S 
Cambridge, MA 02139 

Telephone: (617) 253-6128 
Telex: 92-1473 MIT CAM 
Fax: (617) 258-8831 
Circle Na 9 
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Search me. 


Ei EEDisc™ brings new 
cost efficiency to electricai 
and computer engineering. 

The first electrical engineering 
database on CDROM gives you 
this 4-point formula: 

1. Impeccable Credentials 
The database is derived from 
Compendex*Plus™, and The 
Engineering Index^ both from 
Engineering Information Inc., 

a respected publisher of engin¬ 
eering records since 1884. 

2. Reach and Depth 
Broadly focussed, Ei EEDisc 
covers all lEE and IEEE litera¬ 
ture and extends well beyond. 

A subscription brings over a 
million abstracts of world 
conference proceedings and 
journals, with quarterly updates. 
Monthly updates are available 
through Compendex*Plus online 
with any of 8 vendors. 

3. Budgetary Control 

With CDROM you know your 
cost, up front, and you can 
encourage serendipitous search¬ 
ing without accruing usage 
charges. Novice searchers can 
access the data using the Dialog 
OnDisc™ Easy Menu mode. 

4. Unmatched efficiency 
Dialog searchers can send their 
Ei EEDisc search strategies 
directly online, since telecom¬ 
munication access is imbedded 
in the CD software. 

Why not search me free? 

For a 30-day trial fax Ruth Miller 
at Ei: 212-832-1857. 



Engineering Information Inc. 
Capture the possibilities. 
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Technically s peaking 


Japan goes crazy 
over fuzzy 

The Japanese are so enthralled with fuzzy 
logic that last year Juz^ won two gold awards 
for most popular word. 

‘ ‘In Japan these days, everything is fi^zzy, 
even toilet paper, ’ ’ Ix)tfi Zadeh, the father 
of fuzzy logic, told IEEE Spectrum, 
pronouncing the word the way the Japanese 
do—fudgey. “In the United States, it is a bad 
word, but in Japan it is a good word, ’ ’ said 
Zadeh, a professor of computer science at 
the University of California at Berkeley. 

Fuzzy logic is being implemented in the 
control systems of a wide range of Japanese 
products, from camcorders and cameras to 
washing machines, microwave ovens, and 
vacuum cleaners. Modeled on the human in¬ 
tellect’s ability to reason with approximate 
statements, not just all-or-nothing proposi¬ 
tions, the technique allows system 
parameters to be ill defined or fuzzy in the 
description of system dynamics. 

Zadeh admits to having had qualms about 
coining the term fuzzy in his seminal paper 
‘ ‘Fuzzy Sets, ’ ’ published in 1965 in the jour¬ 
nal Information and Control. “It is not a 
term typically found in scientific literature, ’ ’ 
he said. ‘ ‘When people do use it, it is usually 
in the pejorative sense.” 

Nonetheless, Zadeh went with fuzzy be¬ 
cause it best described his theory. He felt 
that words like soft, indistinct, and ill-defined 
were too broad, since he wanted the word 
to give “the impression of something that 
is not sharp.” Blurred was a close con¬ 
tender, but he decided it sounded worse than 
fuzzy. 

As he foresaw, fuzzy did not sit well with 
some people. Rudolf Kalman (F), a 
mathematics professor at the University of 
Florida in Gainesville, wrote in 1972: “Let 
me say quite categorically that there is no 
such thing as a fuzzy scientific concept, in 
my opinion. We do talk about fuzzy things 
but they are not scientific concepts.... Some 
people in the past have discovered certain 
interesting things, formulated their findings 
in a non-fuzzy way, and therefore we have 
progressed in science.” 

Despite this comment and others that in¬ 
dicated “downright hostility” toward his 
concept, Zadeh said, if he had it all to do over 
again, he would still use fuzzy. “It’s a double- 
edged sword, ’ ’ he said. ‘ ‘Some people don’t 
like it, but it pricks up others’ ears. On bal¬ 
ance, I think the second effect is more im¬ 
portant than the first.” 

In Japan, fuzzy can do no wrong. Accord¬ 
ing to Matsushita Electric Industrial Co. sen¬ 


ior engineer Harry Terai in Tokyo, the trans¬ 
lation of the word changed recently, to a 
similar word meaning “clever” or “intel¬ 
ligent.” 


BeromI the fringe 

People become more sensitive to word 
choice in discussions of a controversial 
technology—or the controversial effect of a 
technology. 



Perhaps the stormiest technological de¬ 
bate right now in the United States and many 
other countries concerns the health effects 
of 60- and 50-hertz electric and magnetic 
fields from power lines, substations, appli¬ 
ances, and so on. These fields are fi'equently 
referred to in the media as non-ionizing 
radiation—which sounds technical enough, 
but is not quite technically sound. 

While in general it is appropriate to call 
electromagnetic waves radiation and to de¬ 
scribe them as non-ionizing since no charged 
particles are generated except at very high 
frequencies, fields around power lines and 
appliances do not have the propagating na¬ 
ture of radiation. 

Virtually none of the energy in power lines 
and appliances goes into propagating fields 
because they were not designed to radiate, 
unlike antennas. Radio-frequency and micro- 
wave fields—about 300 kilohertz to 30 
gigahertz—emanating from antermas are of 
the propagating variety and may be proper¬ 
ly termed radiation. 

“Power lines don’t meet the conditions 
needed to get radiation,” pointed out J. 
Robert Ashley (F), a member of the IEEE 
Committee on Man and Radiation (Comar) 
who has conducted radar anterma research 
and has taught electromagnetism at the 


University of Colorado in Boulder. Aside 
from the fact that power lines carry current 
in three phases, Ashley said, an antenna 
properly radiating 60-Hz waves would have 
to be 1000 kilometers high because the 
wavelengths are so long. The fields around 
power lines are more correctly thought of 
as fringing fields, he said. 

The initial focus of the debate over health 
effects of electric and magnetic fields was 
on the microwave and RF frequencies. 
When the focus shifted to the extremely low 
frequencies of power lines in the last few 
years, Ashley said, the terminology moved 
over, too. 

Ashley and other Comar engineers object 
to the use of radiation in connection with 
power-frequency fields, not just because it 
is incorrect, but because it might conjure up 
associations with nuclear radiation in the 
public’s mind, making it seem more danger¬ 
ous than it is. Further, use of the term 
defeats attempts to educate the public about 
how the fields fall off relatively close to the 
source, said University of Washington (Seat¬ 
tle) electrical engineering professor Arthur 
W. “Bill” Guy (F). 

The U.S. government’s use of the term 
is inconsistent. A background paper called 
“Biological Effects of Power Frequency 
Electric and Magnetic Fields,” issued in 
1989 by Congress’ Office of Technology As¬ 
sessment, distinguished between what it 
called confined fields found near power lines 
and the propagating fields of RF and micro¬ 
wave antennas. 

But that distinction is absent from anoth¬ 
er Government document, an Environmen¬ 
tal Protection Agency review draft on the 
potential carcinogenicity of electromagnet¬ 
ic fields released in January. The agency 
lumped fields in both the extremely low- 
frequency range, defined as 3-3000 Hz, and 
the RF range, defined as 0.003-30 000 
megahertz, together under the umbrella of 
non-ionizing electromagnetic radiation, 
which it calls NIEMR. 

Ashley said that to be absolutely precise, 
the fields near power lines cannot be called 
electromagnetic fields—a term deriving 
from the electromagnetic waves radiating 
from antennas. In true electromagnetic 
fields, the changing electric field produces 
the magnetic field and vice versa, whereas 
in the fringing fields near power lines and 
appliances, the two fields are independent 
of one another. Consequently they should 
be referred to as electric and magnetic fields. 


COORDINATOR: Karen Fitzgerald 
CONSULTANTS: Anne Eisenberg, Polytechnic 
University: Pamela McCorduck, writer 
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MATLAB 


High-Performance 
Numeric Computation 
and Data Analysis 

M ATLAB has rapidly become an 
industry standard for engineer¬ 
ing and scientific research. Its unique 
interactive interface, algorithmic foun¬ 
dation, easy extensibility, and speed 
make MATLAB the software system of 
choice for high productivity and high 
creativity research. 

P lroblems and solutions are expressed 
just as they are written mathemat¬ 
ically — without the needfor traditional 
programming. As a result, you can 
solve numerical problems in a fraction 
of the time required to write a program 
in Fortran, Basic, or C. Then plot the 
results as 2-D and 3-D graphics, with 
publication-quality output to plotters, 
dot-matrix printers, and laser printers. 


can create algorithms so 
easily that it almost seems 
like cheating.” 

Personal Engineering & 
Instrumentation News 


A dd to MATLAB your choice of tools 
- for digital signal processing, 
system identification, control system 
design, and more. MATLAB’s open- 
system design lets you see the algorithms 
and the implementations, even change 
them to suit your specific requirements. 

M ATLAB is developed by The 
MathWorks, a leader in software 
for data analysis and mathematics. Our 
users—in thousands of companies and 
universities — know that MATLAB 
enables them to work more creatively 
and productively. Take a look at how 
MATLAB can do the same for you. 



“MATLAB is 


the undisputed 
choice for 
computation¬ 
intensive 


engineering 

work.” 

Macworld 


“MATLAB’s 


power and 
ease of use go 
a long way 
toward taking 
the drudgery 
out of 
repetitive 
analysis 
projects.” 

IEEE Spectrum 


• eigenvalues 

• matrix arithmetic 

• matrix decompositions • curve 

• convolution • cubic splines 

• spectrum estimation 

• complex arithmetic 


1-0 and 2-D FFTs • nonlinear optimization 


• filtering 


Bessel functions 
elliptic functions 


• linear equation solving 

• differential equations 

• polynomial arithmetic 

• descriptive statistics 

• 2-D and 3-D graphics 


Plus Toolboxes for: 

• digital signal processing • control system design 

• parametric modelling • chemometric analysis, and more 


Computers 

supported 


PCs and A I s 
386-based PC 
Macintosh 


HP 9000/300 
DECstation 
VAX/VMS 
VAX/Ultrix 
Stardent 



To find out more about MATLAB, call us at (508) 653-1415. 
Or simply return the completed coupon to the address below. 


r 


Name _ 

Company _ 

Department. 

Address _ 

City, State _ 

Zip _ 

Telephone _ 
Computer(s) 



n 


, Country 


Cochituate Place, 24 
Natick, MA 01760 
Tel: (508) 633-1415 
Fax (508) 653-2997 


Prime Park Way | 

SP3/91_I 
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Take Control With MATRIXx. 


Only one family of products offers a streamlined software environ¬ 
ment for each phase of control system development — the ISI Product 
Family. For automotive, aerospace, computer peripherals, industrial 
control, and material processing. 

Build a complex graphical system model. Analyze the system and 
design a controller. Run real-time animated simulations. Plot the 
results. Refine the design. Generate real-time Fortran, C, or Ada code. 
Download it into a target proces¬ 
sor. Run it in real-time. All with 
one family of software products. 

► Solve arithmetic and engi¬ 
neering problems without 
programming in Fortran or C. 

► Design multivariable engine 
controllers faster. 

► Model and simulate compli¬ 
cated nonlinear braking 
systems for antilock brake 
control. 

► Optimize active and semi¬ 
active suspension controllers. 


► Identify and eliminate undesirable nonlinear effects in power steer¬ 
ing systems. 

► Simulate automotive systems before expensive hardware testing. 

► Prototype systems in hours — not months. 

MATRIXx is the least expensive engineering analysis product avail¬ 
able today — from $595 for PCs and $4000 for workstations. 

Engineering professionals 
worldwide continue to rely on 
ISI’s products to streamline con¬ 
trol system design. Now it’s your 
turn. Call 408-980-1500 for infor¬ 
mation, a complete set of Data 
Sheets, or the phone number of 
your nearest sales representative. 


3260 Jay Street 
Santa Clara, California 95054 
Tel: (408) 980-1500 
Fax: (408) 980-0400 
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Aircraft traffic control 


ast month our cover story on 
air traffic control in the Unit¬ 
ed States emphasized two fac¬ 
tors that contributed to the 
fatal landing of a USAir Boe¬ 
ing 737-300 on top of a SkyWest Metroliner 
III poised for takeoff on the same runway 
in Los Angeles. 

One is the increase in annual departures 
from U.S. airports (up to 7.3 million from 5.2 
million in 1983) with a concomitant decrease 
in the number of qualified air traffic con¬ 
trollers (down by more than 2000 from the 
1980 level of 13 000). The other is the defi¬ 
cient control of planes on the airport surface. 

Recent testimony before Congress indi¬ 
cated that controlleiB at busy locations work 
sk-day weeks and 2 hours of overtime per 
shift with bare-bones crews. After the Los 
Angeles crash in January, the president of 
the National Air Traffic Controllers Associ¬ 
ation, Washington, D.C., said close calls in¬ 
volving two aircraft that have been cleared 


to take off and land on the same runway are 
not uncommon. He himself admitted to hav¬ 
ing given such clearances hundreds of times, 
but said he always caught the error through 
double or triple checking. During the Los 
Angeles accident, an assistant controller, 
called for by the Federal Aviation Adminis¬ 
tration, was apparently not on duty. 

In IEEE Spectrum’s report, we noted that 
airport surface detection equipment (ASDE) 
designed in the 1950s is in routine use; it is 
noisy, its vacuum tube equipment is not very 
reliable, it is hard to repair, and it has diffi¬ 
culty detecting aircraft through rain or other 
precipitation. 

Initial reports from investigators of the Los 
Angeles accident indicate that the ASDE 
was out of commission at the time, and sug¬ 
gest that it had been down for several weeks 
because a replacement part could not be ob¬ 
tained. An advanced digital ASDE system 
was to have begun service at U.S. airports 
in 1988, but the first one is just now under 


Who’s ahead in high tech? 


recent survey of U.S. en¬ 
gineers showed that most be¬ 
lieve the United States leads 
Japan in nine out of 12 high- 
technology areas. 

Where the United States was lag¬ 
ging, respondents said, was in con¬ 
sumer electronics, semiconductor 
memories, and “fifth generation” 
computers. 

The poll, which queried a list of 
U.S. members of die IEEE, was 
conducted by the Gallup Organiza¬ 
tion Inc. and sponsored by Nihon 
Keizai Shimbun America Inc. for a 
leading Japanese business newspa¬ 
per, the Nikkei Industrial Daily. 

Some 65 percent of the respon¬ 
dents said the United States was 
technologically farther advanced in 
their own areas of research, while 
19.3 percent thought Japan was 
ahead, and 10 percent called it even. 

Space and aviation led those areas 
in which the United States was per¬ 
ceived as ahead, with 98 percent of 
the respondents so indicating, while 


new materials was at the lower end, with 
60.7 percent. 

On the other hand, Japan was seen to lead 
in consumer electronics (97.3 percent). 
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test at the Greater Pittsburgh International 
Airport, where it may be fully operational 
in from one to three years. 

A third factor cited in Spectrum’s report 
may or may not have contributed to the Los 
Angeles accident. We reported that one 
problem nowhere close to being solved is the 
bottleneck of too many pilots communicat¬ 
ing with a controller on one radio 
frequency—with pilots often unable to break 
through even in an emergency. 

Marvin Smith, a professor at Embry- 
Riddle Aeronautical University in Daytona 
Beach, Fla., told Spectrum that about 70 
percent of aircraft accidents involve some 
form of communications degradation, either 
radio problems or human misunderstanding. 

The bottom line, one reviewer of the Spec¬ 
trum report said, is that while there is no 
shortage of appropriate and applicable tech¬ 
nology, there are severe problems in tech¬ 
nology application and management in the 
U.S. air tt^fic control system. 


Asked which categories the United States 
should push, 83.3 percent identified optical 
integrated circuitry. Nearly as many listed 
medicine to deal with cancer and Alzheim¬ 
er’s disease. The largest vote, how¬ 
ever, was for ‘ ‘full and effective use 
of natural energy sources” (91.3 
percent). Other categories to be ex¬ 
pedited, each receiving about 
75 percent of the vote, were nucle¬ 
ar fusion, intelligent robots, 
IG-bit dynamic RAMs, high-speed 
surface transport, and artificial 
intelligence. 

The most likely deterrents to 
technological advances were seen 
to be a reduction of capital spend¬ 
ing for R&D by the United States 
(89.3 percent), a reduction of R&D 
budgets by private companies (88.7 
percent), and a decline in the level 
of education (80 percent). 

The results of the comprehensive 
poll will be reported in detail in a fu¬ 
ture issue of Spectrum. 


Donald Christiansen 
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The DOE: agenq^ under fire 


of dismantling his department. The under¬ 
taking proved impossible, but the attempt 
itself was debilitating, and the 1980s were 
characterized by shrinking budgets in non¬ 
defense programs and, by all accounts, a loss 
of direction and esprit de corps. 

One of the most telling statistics concern¬ 
ing the past decade’s effect on the DOE is 
that at the end of the Carter administration 
the department spent about two-thirds of its 
appropriations budget on nondefense work, 
including civilian energy programs, and the 
other third on defense. Today, the propor¬ 
tions are almost exactly reversed. 

By the time of Watkins’ arrival, the DOE 
had the reputation of being “a dumping 
ground for political appointees you don’t 
want to put somewhere important, ’ ’ in the 
words of a long-time DOE observer in 
Congress. 

‘ ‘The Admiral is trying his damnedest to 
make something happen,” said Daniel A. 
Dreyfus, vice president for strategic plan¬ 
ning at the Gas Research Institute’s 
Washington, D.C., office. “But he’s coming 
off a bad situation: eight years of pretense 
that nothing should happen. 

“When he started,” Dreyfus added, “I 
would have said that the two most critical 
objectives were straightening out the 
weapons program and making progress on 
the nuclear waste issue. If he could bring 
some order to those, it would have been 
enough for four years.” 

But a few months after Watkins was sworn 
in as secretary of energy. President Bush 
directed him to give equal priority to another 
vast project: formulating a comprehensive 
energy policy—the so-called National Ener¬ 
gy Strategy—to coordinate and direct virtu¬ 
ally all major aspects of U.S. energy use, 
from regulation of natural-gas sales to con¬ 
servation of energy through lighting design. 
The war in the Persian Gulf, with its implicit 
roots in petroleum trade issues, has lent con¬ 
siderable urgency to the strategy exercise. 

A draft strategy, in the form of a list of 
about 60 policy options, was submitted to 
the President last Dec. 21. Key White House 
officials objected to some proposals and the 
list was returned to the DOE for revision. 
The draft was leaked to news organizations 
in October and again in February. 

Whether the official document proves ef¬ 
fective remains to be seen. Even if it does 
not, it will have accomplished something by 
forcing the department to.address civilian 
energy issues comprehensively for the first 
time in almost a decade. ♦ 
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national security, the atmosphere and en¬ 
vironment, competitiveness, and the fuels 
that will be used to drive the nation’s 
economy—an issue vividly underscored by 
images of warfare in the Persian Gulf. 

'The challenges are likely to tax the depart¬ 
ment’s substantial resources: an annual ap¬ 
propriations budget of about US $13.5 billion 
(10th largest among cabinet-level agencies), 
a nationwide staff of 17 300, 
and about 130 000 contrac¬ 
tor employees. The depart¬ 
ment also operates a net¬ 
work of nine premier scien¬ 
tific and technical laborato- 
ries, dozens of other 
special-purpose laborato¬ 
ries and facilities, and 
electric-power generation 
and marketing organiza¬ 
tions in Alaska and the 
southeast, southwest, and 
Pacific northwest. 

The problems in the 
weapons program, which 
have their origins in the 
creation of the country’s 
defense-nuclear complex in 
the 1940s, are pervasive. 
News reports in recent 
years have described dan¬ 
gerous decay and unsafe 
managerial and operating 
practices at the nation’s 
five nuclear materials 
production plants. High- 
level radioactive waste has 
leaked from corroding 
tanks at one of the sites, 
Hanford, Wash., severely 
contaminating groundwater. 

The DOE also confirmed that its contrac¬ 
tors had released low-level radioactive 
waste, dust and gas, and chemical toxins— 
sometimes routinely—at many of the sites. 
The magnitude of the problem is perhaps 
best illustrated by the DOE’s admission that 
coping with it will take at least 30 years and 
require an environmental restoration effort 
that will eclipse its weapons program. 

Overseeing the start of this massive 
cleanup is James D. Watkins, a retired U.S. 
Navy admiral whose expertise is in subma¬ 
rine propulsion. Appointed energy secretary 
in February 1989, he took over an institu¬ 
tion that had in effect been condemned nine 
years before, when a dentist and former 
governor of South Carolina was appointed 
energy secretary with the express mission 


A beleaguered Government 
office hopes to bring its 
unmatched resources to bear 
on vast ecological, economic, 
and safety problems 


Fourteen years after its birth, the U.S. 
Department of Energy (DOE) is in the midst 
of a belated baptism by fire. With its nuclear 
weapons program showing the effects of long 
inattention and its civilian-energy programs 
in urgent need of coherence and direction, 
the DOE faces a challenge as monumental, 
arguably, as any confronted by a Govern¬ 
ment agency since World War II. 

Now, as the department launches massive 
efforts to address these deficiencies, poli¬ 
cies and decisions are being made that will 
set the course for the nation’s defense- 
nuclear programs and energy use well into 
the next century. The implications are pro¬ 
found for a host of critical issues, including 

















I Appointed in February 1989, Energy Secretary 
“ Janies D. Watkins (photo) inherited a depart- 
I ment whose nondefense programs had been 
I in decline for nearly a decade. Openly disap- 
f pointed with the unevenness of the managerial 
^ staff he inherited, he has increasingly sought 
advice from top aides, such as his deputy and 
under secretaries (W. Henson Moore and 
John C. Tuck, respectively) and the director 
of the Office of Policy, Planning, and Analy¬ 
sis (Linda G. Stuntz). This has shifted the 
balance of power in the department, notes 
Peter D. Blair, a program manager in the 
Congressional Office of Technology Assess¬ 
ment. The power balance in the DOE is tradi¬ 
tionally between the so-called line programs, 
which are headed by assistant secretaries, and 
other secretarial advisors, such as the offices 
now occupied by Moore, Tuck, and Stuntz. 
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Loosening the bonds of oil 



A comprehensive ‘National 
Energy Strategy’ has at 
last been drafted, but has 
yet to overcome the hurdle 
of Congressional approval 

By the time the massive 
U.S.-led attack on Iraq 
began on Jan. 17, the U.S. 
Department of Energy 
(DOE) was confident it 
could cope with whatever 
chaos befell the country’s 
oil markets. Such chaos, 
however, never materialized. In fact, even 
while it prepared for the worst, the DOE had 
predicted tiie relative stability. 

‘‘It has gone so well, it’s almost eerie,’’ 
said Calvin A. Kent, administrator of the 
doe’s Energy Information Administration, 
Washington, D.C. 

Months before the outbreak of hostilities, 
Kent’s office developed five computer 
scenarios, or ‘ ‘games, ’ ’ depicting the like¬ 
ly impact on energy markets of five __ 
different versions of a Persian Gulf 
war. ‘ ‘It just so happens that what is 
actually happening is very close to 
one of those five situations,” Kent 
told IEEE Spectrum in an interview 
the day after the initial U.S.-led attack 
on Iraq. These scenarios involved not 
only the DOE but also the depart¬ 
ments of Defense, State, and Com¬ 
merce, the National Security Coun¬ 
cil, and both Houses of Congress, as 
well as advisors from industry and 
media. _ 

One outgrowth of the scenarios 
project was a Gulf Crisis Task Force, which 
was officially activated on the eve of the war 
after being set up and repeatedly drilled by 
U.S. Energy Secretary James D. Watkins and 
Under Secretary John Tuck several months 
before. Senior DOE managers, including 
Kent and assistant secretaries John Easton 
and J. Michael Davis, took turns leading the 
task force, which provides round-the-clock 
updates on fuel and energy matters related 
to the crisis. The team studied issues rang¬ 
ing from the amount of fuel needed to power 
the massive allied military effort, to the 
movements of fuel prices all over the world. 

Even the threat of the Iraqi leader, Saddam 
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Hussein, to use ‘ ‘oil as a weapon’ ’ was taken 
seriously by the team, which turned to Sandia 
National Laboratories in Albuquerque, N.M., 
for advice on coping with such an eventual¬ 
ity weeks before Saddam made good on his 
threat. Sandia’s suggestion, to stop oil spill¬ 
age into the Gulf by bombing oil-field mani¬ 
folds and setting released oil on fire, was 
quickly implemented by allied forces, after 
consultations with engineers on site. 

The team also did its best to calm the mar¬ 
ket as the war unfolded, reassuring Govern¬ 
ment and futures-exchange officials when 
offensive actions seemed to threaten criti¬ 
cal energy supplies. Right after the outbreak 
of hostilities, for example, an Iraqi missile 
struck and ruptured a fuel tank at a small 
Japanese-Saudi refinery not far from the bor¬ 
der of occupied Kuwait. Kent’s staff immedi¬ 
ately stated that the significance of the event 
from an oil-supply standpoint was minor, 
contradicting early television reports. ‘‘I 
spend a lot of time debunking rumors” of 
catastrophe, he explained. 

STRATEGY WANTED. This and other DOE ac¬ 
counts portray the department as having 
done well in managing the impacts of war on 


Congress wants more 
support for renewable 
energy, efficienq', 
and conservation 


U.S. energy markets. But as is also true with 
the Administration it serves, the Gulf war 
has diverted attention from more fundamen¬ 
tal problems confronting the DOE that may 
plague the nation long after the war has 
ended. 

In the civilian-energy area, the most 
pressing of these problems, arguably, is the 
department’s effort to develop a National 
Energy Strategy—one of the most significant 
initiatives in the department’s brief history, 
and one made all the more urgent by the out¬ 
break of war. 

‘‘Everyone’s breathlessly awaiting” the 
energy strategy, said Daniel A. Dreyfus, vice 
president for strategic planning at the Gas 
Research Institute’s Washington, D.C., of¬ 
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fice in an interview just before the war 
began. ‘ ‘A lot of resources were put into it, 
and with the Gulf situation, the National 
Energy Strategy is being colored by the view 
of some people that an energy problem is 
apt to get a lot of people killed.” 

As originally envisioned by the White 
House and the Energy Department, the 
strategy was to be a far-ranging one encom¬ 
passing virtually every major aspect of U.S. 
energy use, including power generation by 
conventional, nuclear, and alternative 
means; independent power production, 
regulation, and transmission access; fuel 
production and regulation; energy conser¬ 
vation and efficiency; research and develop¬ 
ment; and transportation. DOE officials and 
critics alike also agreed that the strategy is 
urgently needed to head off a host of poten¬ 
tially serious energy-related problems, as in¬ 
dicated by: 

• Pollution and global warming trends. Evi¬ 
dence is mounting of environmental damage 
caused by acid rain and ‘‘greenhouse 
gases.” 

• Growing dependence on fossil fuels and 
consequent vulnerability to supply 
_ disruptions—a trend dramatically un¬ 
derscored by the Gulf war. U.S. net 
daily consumption of imported oil will 
reach 10 million barrels a day by the 
end of the decade, according to the 
Energy Information Administration 
[see graph, p. 38]. 

• A lack of alternatives to fossil fuels. 
Through the 1980s, support for com¬ 
mercialization of alternative energy 
technologies withered, forcing many 
developers out of business. At the 
same time, the U.S. nuclear industry 

_ suffered a series of shocks and has not 

been able to expand beyond 20 per¬ 
cent of U.S. electricity production. 

Besides addressing basic energy-supply 
and environmental problems, utility execu¬ 
tives and officials in particular had also hoped 
the strategy would bring coherence to the 
doe’s diverse initiatives and research 
thrusts, likened to a “patchwork” by Kurt 
Yeager, senior vice president for technical 
operations at the Electric Power Research 
Institute (EPRI) in Palo Alto, Calif. Many 
also hope the strategy will strengthen U.S. 
competitiveness by bolstering the country’s 
position in emerging clean-energy technol¬ 
ogies that could become the basis of multi- 
billion-doUar industries as cormtries expand 
their efforts to reduce pollution and green¬ 
house gases. 
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‘ ‘We’re in desperate need now of leader¬ 
ship from the Federal government on ener¬ 
gy policy,” said Jonathan Becker, energy 
policy analyst at Public Citizen, a Washing¬ 
ton, D.C.-based public-interest advocacy 
group. 

Unfortunately, however, some DOE ob¬ 
servers contacted by Spectrum believe that 
the attempt to formulate the strategy has al¬ 
ready become a quixotic quest, hobbled by 
squabbling between the Energy Department 
and White House officials over some specific 
proposals. These observers, including 
EPRI’s Yeager, were skeptical that the 
strategy could emerge from these political 
battles with enough authority to do more 
than “encourage the status quo.” 

At press time, the DOE had not released 
details of the proposals comprising the draft 
strategy or of the recent discussions sur¬ 
rounding them at the White House. Like 
many confidential documents in Washington, 
however, the draft strategy was leaked to the 
press. In its Oct. 29 edition. Inside Energy, 
a McGraw-Hill trade newsletter, published 
some of the proposals; this report was ex¬ 
panded upon by a leak of the revised draft 
to several news organizations on Feb. 8. 
Spectrum obtained a copy of this latter draft; 
many of its proposals related to electricity 
production and consumption are summarized 
in the table at right. 

PRODUCTION FIRST. The energy strategy proj¬ 
ect began in July 1989—four months after 
Watkins was sworn in as Secretary of 
Energy—when the Bush administration 
directed the DOE to formulate a comprehen¬ 
sive energy policy, the so-called National 
Energy Strategy. The White House also set 
the ground rules: the DOE would provide 
a list of energy-policy options to the White 
House, which would in effect create the 
strategy by choosing from the DOE’s list. 

This list, of about 60 policy options, was 
submitted to Bush on schedule last Dec. 21. 
Key White House officials, including Chief 
of Staff John Sununu, objected to some 
proposals related to energy conservation and 
renewable energy, and the list was returned 
to the department for revision. During the 
first week of February a revised draft was 
circulated among Federal agencies by the 
Office of Management and Budget; it was 
this draft that was disclosed to the press. 
This draft strongly emphasizes energy 
production—by fossil, nuclear, and other 
sources—over efficiency and conservation. 

Precisely how the strategy proposals 
might be put into action—whether they 
might carry the full force of law, for 
example—could not be determined at press 
time. In speeches and DOE releases, Wat¬ 
kins has referred to the strategy as a ‘ ‘road¬ 
map’ ’ and ‘ ‘action plan’ ’ on which the DOE 
and White House will base future DOE 
budgets and R&D initiatives. White House 
officials recognize, however, that an ener¬ 
gy strategy perceived as weak on support 
for renewable energy, efficiency, and con¬ 
servation would be rejected by Congress. 


‘ ‘It would be dead on arrival, ’ ’ confirmed 
Jack Riggs, staff director of the energy and 
power subcommittee of the House Energy 
and Commerce Committee. ‘ ‘You can’t ask 
Congress to hurt the environment. You can’t 
say there’s an energy crisis when you want 
to promote oil and nuclear issues, and insist 
that the market take its course on energy ef¬ 
ficiency and alternative fuels.” 

Congress, meanwhile, is not deferring to 
the executive branch on the issue; several 
bills have been introduced in both houses 
that would promote fairly comprehensive 
energy policies in their own right. 

CABINS CLASHES. According to Congression¬ 
al sources, some of the DOE’s proposals, 
including several related to energy conser¬ 
vation, ran aground during meetings with 
key presidential advisors because the 


proposals were perceived as conflicting with 
the free-market principles espoused by the 
Reagan and Bush administrations. 

The energy sectors whose development 
has been most hindered by this free-market 
stance are conservation and alternative and 
renewable energy technologies. Supporters 
of the latter technologies say their high ini¬ 
tial costs generally preclude widespread 
adoption, without some form of Feder^ en¬ 
couragement, typically in the form of tax 
credits or subsidies. They also note that the 
stated prices of fossil fuels do not account 
for more complex, indirect costs, such as 
those resulting from environmental damage, 
or from marshaling a massive military oper¬ 
ation when supplies are jeopardized. 

In essence, they say, the Administration’s 
free-market vision is myopic. “Their 


Highlights of the DOE’s proposed National Energy Strategy 
Energy consemtion and eHIclency 

• Require that the Energy Secretary publish energy conservation standards for electric 
lights; require the Federal Trade Cotnmission to prescribe rules for labeling lights 

• Authorize loans from the U.S. Treasury for energy conservation measures at Govern¬ 
ment agencies 

• Remove taxes from rebates awarded by utilities to customers who install high-efficlency 
lighting and appliances 

Nuclear power 

• Require the Nuclear Regulatory Commission (NRC) to consolidate construction- and 
operating-licensing into a single procedure incorporating inspection, testing, and analysis 

• Require the NRC to resolve emergency planning before issuing the combined license; 
specifically, to disallow after issuance of the license any hearings based on “a decision 
of a state or local government to withdraw from participation in emergency planning” 
Nuclear waste 

• Allow the Energy Secretary to conduct, without a state or local permit, “site charac¬ 
terization studies” under the Nuclear Waste Policy Act of 1982, but also require the secre¬ 
tary to “consider the views of state and local officials” with regard to local laws affect¬ 
ing site characterization 

Renewable energy 

• Provide tax credits of up to 2 cents per kilowatthour (1.8 cents per megajoule) for those 
producing electricity with solar thermal, photovoltaics, wind, or “certain geothermal” 
and biomass technologies 

• Remove power production limitations (80 megawatts) from eligible alternative-power 
plants 

Retorm of Public Utility Holding Company Act 

• Allow both utilities and nonutility organizations to use a holding company structure 
to build and finance independent power projects not subject to the financial and cor¬ 
porate regulations of the holding company act 

TTanspoilatlon 

• Require that a fraction of all automobile and truck fleets assembled after 1994 run 
on alternative (non-petroleum-based) fuels 

Hydroelectric power regulatory reform 

• Require the Federal Energy Regulatory Commission (FERC) to coordinate and consolidate 
licensing review for hydroelectric plants, taking into account the inputs of Federal and 
state agencies and Native American tribes 

• Exempt projects that produce less than 5 MW from licensing requirements 

Energy supplies 

• Establish a program to lease lands in the Arctic National Wildlife Refuge’s 600 000- 
hectare coastal plain for oil and gas exploration and drilling 

Fuel regulation 

• Replace existing FERC regulatory authority over oil pipelines with “streamlined com¬ 
mon carrier obligations” 

• Allow import and export of natural gas without prior Federal government approval 

• Give the FERC sole jurisdiction over environmental impact statements for gas pipelines 
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pronouncements strike me as completely 
two-faced,” said Becker of Public Citizen. 
“Despite all the free-market rhetoric, the 
Reagan and Bush administrations have been 
the greatest friends the nuclear and oil in¬ 
dustries could hope for. ’ ’ As examples of in¬ 
tervention on behalf of those industries, 
Becker cited the depletion allowances and 
exploration tax-credits enjoyed by oil com¬ 
panies, and the fact that the Government 
does not require operators of nuclear plants 
to have insurance for the off-site effects of 
accidents. 

In an interview, the DOE’s Davis, who is 
assistant secretary for conservation and 
renewable energy, acknowledged that “the 
market we’ve got is not a free market. It has 
regulations, tax policies, and incentives. 

“Do we understand the market well 
enough to predict the effect of incentives?” 
he continued. ‘ ‘Will they move the market 
in the direction of greater freedom, greater 
competition? If the answer is no, one ought 
to be real careful.” 

A DOE insider, who spoke on condition 
of anonymity, offered another view. “In 
order for [Watkins] to come out aggressively 


The Office of Energy Research 

If not for the fact that, organizationally, it is just 
another office in the Department of Energy (DOE), 
the Office of Energy Research would probably rank 
as one of the world's most renowned scientific 
and technical organizations. 

With an annual budget of more than US $2.5 
billion, the office sponsors more than 90 percent 
of all US. research in high-energy physics, over 
80 percent of US. research in nuclear physics, and 
more than 5000 graduate students each year. It 
is overseeing construction of the world’s largest 
colliding-particle machine, the world’s brightest 
source of X-rays, and it recently embarked on a 
project to map the human genome-an endeavor 
that will take a decade or more and cost hundreds 
of millions of dollars. 

“It’s essentially a National Science Foundation 
built within the DOE,’’ said Alvin Trivelpiece, a form¬ 
er director of the office who is now director of Oak 
Ridge National Laboratory in Oak Ridge, Tenn. And 
with the start of the Superconducting Super Col¬ 
lider (SSC) and human-genome projects, the 
office's stature and influence within the science 
and technology communities is likely to increase. 

The office encompasses six main divisions 
devoted to high-energy and nuclear physics, the 
SSC, basic energy sciences, health and environ¬ 
mental research, fusion energy, and science edu¬ 
cation. With a hefty 120 percent increase proposed 
for its 1992 budget ($534 million was requested), 
the SSC is highest in profile. Construction began 
last year and is expected to continue until 1999. 

As currently envisioned, the SSC will be a slight¬ 
ly oval ring 87 kilometers in circumference, bur¬ 
ied more than 20 meters underground and com¬ 
pletely surrounding Waxahachie, Texas, about 50 
km south of Dallas. Inside the ring, proton streams 
will collide head-on with a total effective energy 


on energy efficiency, he’d have to take on 
Sununu, who thinks if energy use doesn’t 
grow, the economy doesn’t grow. And to do 
that [challenge Sununu], you have to do your 
homework.” Sound research and develop¬ 
ment has been done in this area, the source 
said, but it is not yet reflected in top policy 
decisions, such as the National Energy 
Strategy proposals. 

“The politics of energy efficiency and 
renewables are associated with Jimmy Cart¬ 
er,” the source added. “And the internal 
politics are that if Jimmy Carter did it, it must 
have been stupid. It’s a tremendous inter¬ 
nal barrier we’ve been trying to overcome. ’ ’ 
FUNDS SHIFT. During the Carter administra¬ 
tion, development and commercialization of 
many of these technologies were support¬ 
ed through a combination of Government 
funding, tax credits, and a number of other 
incentives. 

But the Reagan administration saw these 
incentives as interventions in the free mar¬ 
ket and eliminated many, particularly those 
related to conservation and renewable ener¬ 
gy. The Carter administration’s encourage¬ 
ment of certain technologies was derided as 


of 40 trillion electronvolts (T^, 20 times the energy 
of the biggest other such collider in existence, the 
Tevatron at the Fermi National Accelerator Labora¬ 
tory in Batavia, III. 

Shortly after being declared the heart and soul 
of the Government’s plans to keep the United 
States in the forefront of physics research, the proj¬ 
ect drew wide attention as its design was com¬ 
pleted and its estimated price jumped from just 
over $5 billion to about $8 billion (it now stands 
at $8,249 billion). The DOE hopes to secure one- 
third of the total cost from sources other than the 
U.S. government, including the State of Texas, 
which has already pledged $1 billion. 

Nonetheless, critics fear that such huge Feder¬ 
al expenditures, for not only the SSC but also the 
genome-mapping project and the National Aero¬ 
nautics and Space Administration’s space station, 
will shortchange hundreds of other, smaller Fed¬ 
eral science activities. Officially, the DOE responds 
to such arguments by noting that Federal fund¬ 
ing is allocated on a program-by-program basis, 
and cancellation of one large project does not free 
up money for other work. 

The SSC will join three other major particle- 
accelerator machines already operated by the 
office’s high-energy and nuclear physics group, 
and several lower-energy particle machines used 
primarily tor investigations of electromagnetics, 
decay, and other properties of atomic nuclei. The 
Office of Energy Research is also responsible for 
coordinating and supporting virtually all Govern¬ 
ment research in magnetic confinement fusion, 
in which a high-temperature plasma is confined 
by an intense magnetic field. 

Much of the DOE’s long-term research in 
energy-related science and technology is handled 
in the office’s Basic Energy Sciences group. Within 


“throwing money at the problem.” 

The Republican strategy has been to em¬ 
phasize basic research over development 
and commercialization, which were deemed 
the domain of industry, not Government. 
Between 1980 and 1990, DOE funding of 
basic energy research—including weapons- 
related research—rose 93.2 percent to US 
$2.4 billion; at the same time, however, 
funding of fossil, renewable, conservation, 
and nuclear R&D dropped 46 percent to $1.6 
billion. 

Though programs in renewable and alter¬ 
native energy had been getting a relatively 
large share of development and commerciali¬ 
zation funding, they declined precipitously 
during the 1980s—roughly 80 percent 
throughout the decade, according to the U.S. 
General Accounting Office. Partly because 
of this shift in funding, and partly because 
of a decline in oil prices, more than 150 U.S. 
developers and manufacturers of biomass, 
solar, and wind-energy technologies had 
closed up shop by the mid-1980s, according 
to Solar Energy Industries Association in 
Washington, D.C. 

Notwithstanding this dismal recent history 



Antibody labels, such as this gold one developed 
at the Department of Energy's Brookhaven National 
Laboratory in Upton, N.Y., enable biologists to see 
submolecular sites with much greater resolution. 

this group are five subsections devoted to materials 
science, chemistry, engineering and geosciences, 
energy biosciences, and advanced energy proj¬ 
ects. This group also supports fundamental re¬ 
search in mathematical, computational, and com¬ 
puter sciences, and manages a supercomputer 
access program based at Lawrence Livermore Na¬ 
tional Laboratory in Livermore, Calif. 

The Flealth and Environmental Research divi¬ 
sion had its origins in post-World War II Govern¬ 
ment studies of the effects of energy-related 
phenomena-such as radiation and, more recent¬ 
ly, global-climate change-on people, animals, and 
the environment. It has since expanded its mis¬ 
sion to include biological, environmental, and simi¬ 
lar research that uses the department’s consider¬ 
able facilities and resources. The largest-scale 
example of this latter activity is the human genome 
initiative, an ongoing, long-term effort to map and 
describe the entire human genome at the molecu¬ 
lar level, an accomplishment that would greatly 
benefit biological researchers, including those try¬ 
ing to combat a host of genetic'maiadies.-G.Z 
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In the 1980s, the Department of 
Energy’s research and develop¬ 
ment bttdgets declined in virtu¬ 
ally all sectors except basic re¬ 
search (which included some 
defense-related work). The 
trends manifest the general an¬ 
tipathy of the Reagan and Bush 
administrations toward de¬ 
velopmental and commerciali¬ 
zation activities, which were 
deemed the province of industry. 
The sharply higher fossil R&D 
budget in 1990 reflected in¬ 
creases for clean-coal technol¬ 



and the anticipated underrepresentation of 
efficiency in the National Energy Strategy, 
there are faint signs that renewable energy, 
conservation, and efficiency technologies 
may be headed for a modest resurgence. For 
example, a DOE spokesman pointed out that 
the 1992 budget request for R&D on con¬ 
servation and renewable energy is more than 
double what was requested in 1989, during 
Bush’s first year as President. 

There are signs, too, that the ffee-market 
vision of some high DOE officials is not quite 
the same as that of other Administration 
notables. In his interview with Spectrum, 
Davis said he favored tax incentives or 
credits that were tied to the success of a 
program—in other words, rewarding proj¬ 
ects that not only go into operation, but also 
operate well. 

“My view is that we should shift from 
input to output incentives, ’ ’ he said. It is not 
clear that such proposals could pass muster 
at the White House, however. 

CLEANER COAL. Of course, the DOE already 
supports development and commercializa¬ 
tion of some energy technologies, mainly 
imder a multibillion-doUar effort to advance 
systems to bum coal more cleanly. These 
include retrofit systems designed to remove 
pollutants from the smokestacks of existing 
plants, and more advanced (“repowering’’) 
technologies, such as fluidized-bed combus¬ 
tion systems, which are inherently cleaner 
and more efficient. 

The program is something of an anomaly. 


however. It was begun by Congress in the 
mid-1980s after the collapse of the Synthetic 
Fuels Corp., a far larger and more ambitious 
Carter administration program. The Reagan 
administration only embraced this “clean- 
coal’ ’ program later, in response to mount¬ 
ing pressure from the Canadian Government 
to stem the transborder flow of pollutants 
from midwestem U.S. power plants. In 1990 
about $554 million was appropriated by Con¬ 
gress for DOE clean-coal projects, under a 
program in which the industrial partners that 
are developing the technologies contribute 
at least as much as the DOE. 

In the wake of amendments to the Clean 
Air Act that will significantly reduce the 
amount of pollutant emissions from U.S. 
generating plants, utility officials are divid¬ 
ed over the success of the DOE program, 
on which the department has spent some 
$1.3 billion since 1986. One prominent utili¬ 
ty research expert, who requested anonymi¬ 
ty, said that the program emphasized rela¬ 
tively low-cost retrofit solutions, such as dry 
scrubbers, which will be of little use in the 
face of the stringent new requirements. 

‘ ‘While we have spent a lot of money on 
clean-coal research, there hasn’t been near¬ 
ly the technological payback we might have 
gotten’ ’ if more advanced options were em¬ 
phasized, the source said. He acknowledged 
that the clean-coal program took this less 
ambitious course because it had its origins 
in politics and apparently did not accurately 
anticipate the extent of the recent Clean Air 


Act amendments. 

The head of the DOE’s clean-coal tech¬ 
nology program, C. Lowell Miller, disagreed. 
‘ ‘We feel we’ve achieved a good balance be¬ 
tween retrofit systems and more advanced 
repowering technologies that will help meet 
clean-air act requirements after the turn of 
the century. ’ ’ The balance between the two 
types was in effect set by industry itself. 
Miller added, noting that the DOE’s selec¬ 
tions were in line with the proportion of 
proposals received for each type. He also 
said the retrofit systems—some of which are 
now being demonstrated—are significant im¬ 
provements over conventional “scrubber 
technology. ’ ’ The systems will either con¬ 
trol more forms of pollutants or operate 
more cost-effectively and with fewer waste 
by-products. 

The department also plans to shift toward 
the more technologically advanced repower¬ 
ing technologies—including pressurized 
fluidized bed combustion and integrated 
coal-gasification combined cycle plants—in 
its fourth round of clean-coal projects, 
proposals for which are now being accepted. 

Another sector that has managed to keep 
a few development projects going is nucle¬ 
ar energy; last year fte DOE’s Office of Nu¬ 
clear Energy awarded Westinghouse Elec¬ 
tric Corp., Rttsburgh, and General Electric 
Co., Fairfield, Cotm., $50 million apiece to 
continue development of, and gain NRC cer¬ 
tification for, advanced light-water nuclear 
reactors. The reactors are part of a group 
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As coal bums inside the American Electric Power Co. ’s Tidd plant, sulfur dioxide is ab¬ 
sorbed by dolomite. This pressurized fluidized bed system, in Brilliant, Ohio, is the first of 
its kind in North America, and was built ivith support from the Department of Energy. 


now being developed with so-called “pas¬ 
sive safety features’ ’ that their designers say 
will allow the reactors to cool themselves in¬ 
definitely in the event of an accident. Wes- 
tinghouse, GE, and EPRI are sharing de¬ 
velopment costs with the DOE. 

Overall, the DOE spent $341.8 million on 
nuclear fission energy R&D in 1990—a de¬ 
crease of almost 80 percent, after inflation, 
since 1980. A similar amount, $320 million, 
was spent on ma^etic-confinement fusion 
research, which is carried out principally at 
Princeton University in New Jersey and at 
two sites in California: General Atomics in 
San Diego, and Lawrence Livermore Nation¬ 
al Laboratory in Livermore. 

Though sharply cut since 1980, the fission 
and fusion R&D programs still have relative¬ 
ly sizeable budgets, resulting in an uneven 
distribution of R&D funding. At present, 
funding is relatively high for coal and nucle¬ 
ar R&D and relatively low for all other R&D 
[see tables, p. 37]. 

‘ ‘I don’t think current programs represent 
a rational distribution of R&D funds, ’ ’ said 
the Gas Research Institute’s Dreyfus. 

Such an imbalance, as well as the short¬ 
comings in the clean-coal program perceived 
by some, are precisely the sort of problems 
that the National Energy Strategy is intended 
to address and, ideally, prevent. Whether 
the strategy carries enough authority to 
achieve even this modest goal remains to be 
seen. 

ORGANIZATIONAL PROBLEMS. The struggles 
between top DOE officials and other 
presidential advisors over the department’s 
energy strategy proposals point up fun¬ 
damental organizational problems, accord¬ 
ing to Dreyfus, who was staff director of the 
Senate Committee on Energy and Natural 
Resources when the DOE was formed in the 
late 1970s. He believes the department was 
crippled at the outset by its own organiza¬ 
tional structure, which was modeled on the 
Department of Defense, a process- rather 
than resource-oriented organization. Thus 
the DOE has an assistant secretary for fos¬ 
sil energy, for example, but not specific peo¬ 
ple of high rank who focus exclusively and 


comprehensively on the petroleum industry 
or the coal industry or the electric-utility in¬ 
dustry. 

‘ ‘Each of these industries is distinct, ’ ’ he 
noted. ‘ ‘They have their own movers and 
shakers, their own cultures, and their own 
financial approaches, because all of them are 
regulated to different extents. And each one 
is not easy for outsiders to understand.” 
Under its current structure, the DOE re¬ 
quires industry representatives to deal with 
many officials on even relatively minor busi¬ 
ness, a situation that 
Dreyfus characterized 
as “chaotic.” 

He argued for a new 
structure, in which 
there are specific DOE 
officials “who feel that 
specific industry seg¬ 
ments are their own 
ballparks—they know 
the key people, and 
know how that industry 
works. 

“You need this in- 
house expertise to 
make intelligent inputs 
for policy making. You 
also need it so that you 
have spokesmen who 
can take initiatives back 


to industries and speak with authority.. .and 
make things happen.” 

A possible side benefit of these closer ties 
to industry would be more identifiable con¬ 
stituencies for the energy secretary, which 
could support him in his cabinet dealings. 
“Take [Environmental Protection Agency 
Administrator William K.] Reilly,” Dreyfus 
suggested. “He has a podium and a massive 
constituency of people who think he’s an en¬ 
vironmentalist. So if his inputs are rejected, 
the president’s environmental scorecard 
goes down. 

“Where’s the admiral’s constituency? 
Who’s offended when he loses an argument? 
Who makes phone calls and goes to the hill 
on his behalf? Why aren’t the electric rate 
payers his constituency?” 

Such questions are likely to come to the 
fore as the United States emerges from a 
costly conflict that has its genesis in energy 
issues, and which many see partly as a con¬ 
sequence of drifting too long without a co¬ 
herent energy strategy. But though war 
came on quickly, the national strategies that 
may help avoid it in the future will take many 
years to develop. 

“The energy issues we face in the com¬ 
ing century are not something to be solved 
in crisis mode,” said EPRI’s Yeager. 

‘ ‘These problems are going to take a sus¬ 
tained commitment over decades.” ♦ 
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SPECIAL REPORT: ENERGY MANAGEMENT 


Overhauling weapons production 



The Cold War’s ending 
and major safety problems 
are impelling the DOE to 
reduce and reconfigure its 
nuclear arms complex 

In January, as the U.S. mili¬ 
tary gloried in the perfor¬ 
mance of its weapons tech¬ 
nology in Iraq, the massive 
nuclear weapons produc¬ 
tion complex run by the 
Department of Energy en¬ 
tered its third year of paral¬ 
ysis, brought on by safety deficiencies and 
environmental problems at all of the 15 wea¬ 
pons sites across the nation. In early Febru¬ 
ary, the department aimounced proposals for 
a far smaller complex that could no longer 
produce fissionable plutonium, but would 
make weapons from retired warheads and 
existing stockpiles of plutonium. 

One incentive for downsizing the complex 
is the passing of the Cold War and reductions 
in the nuclear stockpile. Pending treaties 
could cut the current stockpile of20 000 nu¬ 
clear weapons in half, according to Stan Nor¬ 
ris of the Natural Resources Defense Coun¬ 
cil in Washington, D.C. The Energy 
Department’s reconfiguration plan considers 
stockpile reductions ranging from 70 to 15 
percent of current warheads. 

But a far greater stimulus for the new plan 
is, as Robert Alvarez, staff member of the 
Senate Committee on Governmental Afiairs, 
put it to IEEE Spectrum, “the sobering 
realization of the true costs of nuclear 
weapons once you factor in cleanup, health, 
and safety costs. ’ ’ The committee has been 
the focus of Congressional efforts to resolve 
the problems of the weapons complex. 
These problems have in essence trans¬ 
formed the department from a weapons pro¬ 
ducer to an environmental agency with a 
cleanup budget of US $4 billion this year, far 
surpassing the $1.6 billion Superfund budget 
of the Environmental Protection Agency for 
cleanup of the nation’s worst toxic waste 
sites. The total cost for cleaning up and im¬ 
proving safety over the next 30 years is put 
at $150 billion, plus another $50 billion for 
modernizing and updating the complex. 

Acknowledging that the problems stem 
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The U,S. nuclear weapons complex 


1 Facility oversight 

Operations contractor 

Dates of 
operation 

1 Albuquerque OperaUons Office | 

Sandia National Laboratory 
Albuquerque, N.M. 

AT&T Technologies (formerly Western Electric 
Co.) 

University of California 

1949-93 

1948-49 

Los Alamos National Laboratory 
Los Alamos, N.M. 

University of California 

1943-92 

Pantex Plant 

Amarillo, Texas 

Mason & Hanger-Silas Mason Co. 

Procter & Gamble 

1956-91 

1951-56 

Mound Facility 

Miamisburg, Ohio 

EG&G Mound Applied Technologies 

Monsanto Research Corp. 

1988-93 

1947-88 

Kansas City Plant 

Kansas City, Mo. 

Allied-Signal Aerospace Co. 

Allied Corp. 

Bendix Corp. 

1987-91 

1983-87 

1948-83 

Pinellas Plant, Clearwater, Fla. 

General Electric Co. 

1957-92 

Rocky Flats Plant * 

Golden, Colo. 

EG&G Rocky Flats Inc. 

Rockwell International Corp. 

Dow Chemical Co. 

1989-93 

1975-89 

1951-75 

1 Idaho Operations Office | 

Idaho Chemical Processing Plant 
Idaho Falls 

Westinghouse Idaho Nuclear Co. 

Exxon Nuclear Idaho Co. 

Allied Chemical Co. 

Aero Jet Nuclear 

Idaho Nuclear Co. 

Phillips Petroleum Co. 

American Cyanamid Co. 

1984-94 

1980-83 

1977-78 

1972-76 

1967-71 

1954-66 

1951-53 

Idaho National Engineering 
Laboratory 

Idaho Falls 

EG&G Idaho 

Aero Jet Nuclear 

Phillips Petroleum 

1977-94 

1972-76 

1954-66 

1 Nevada Operations Office | 

Nevada Test Site 1 

1 Nye County, Nev. 

EG&G Energy Measurements 

1951-92 1 

1 Oak Ridge Operations Office | 

Extrusion Plant 

Ashtabula, Ohio 

Westinghouse Materials Co. of Ohio 

Reactive Metals Inc. 

Bridgeport Brass Co. 

1987-92 

1963-87 

1952-63 

Feed Materials Production Center 
Fernald, Ohio 

Westinghouse Materials Co. of Ohio 

National Lead of Ohio Inc. 

1985-92 

1951-85 

Y-12 Plant 

Oak Ridge, Tenn. 

Martin Marietta Energy Systems Inc. 

Union Carbide Corp. 

Tennessee Eastman Co. 

1984-92 

1947-84 

1943-47 

1 Richland Operations Office | 

Hanford Production Operations 
(Fuel and Reactor Operations) 
Richland, Wash. 

Westinghouse Hanford Co. 

Rockwell Hanford Corp. 

Atlantic Richfield Hanford Co. 

Isochem Inc. 

General Electric Co. 

E.l. du Pont de Nemours & Co. 

1987-92 

1975-87 

1967-75 

1964-67 

1946-64 

1945-46 

1 San Francisco Operations Office { 

1 Lawrence Livermore National 

1 Laboratory, Livermore, Calif. | 

University of California | 

1952-92 I 

1 Savannah River Operations Office | 

Savannah River Plant 

1 Aiken, S.C. | 

Westinghouse Savannah River Co. I 

E.l. du Pont de Nemours & Co. | 

1989-93 1 

1953-89 1 


* Now reports directly to DOE headquarters. 
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from four decades of putting production first 
over safety, health, and environment—in 
order to churn out a total of 60 000 
warheads—the department has reversed the 
order of its priorities. Not only has it em¬ 
barked on a huge cleanup effort, but under 
the leadership of Energy Secretary James 
Watkins, the department is instituting 
management changes designed to overturn 
what Watkins calls ‘ ‘a culture of secrecy and 
complacency. ’ ’ When he arrived at the DOE 
two years ago. The New York Times quoted 
Watkins, a former chief of naval operations 
who had worked in Admiral Hyman Rick- 
over’s nuclear navy, as being “aghast” at 
the condition of the complex. 

Although indications of problems appeared 
sporadically through the 1970s and 1980s, 
the situation approached critical mass soon 
after the 1986 accident at the Chernobyl nu¬ 
clear power plant in the Soviet Union. Some 
Government officials were disturbed by 
similarities in the designs of Chernobyl and 
the reactors at the Hanford Nuclear Reser¬ 
vation in Washington and the Savannah River 
Site in South Carolina; instead of contain¬ 
ment buildings around the reactors, confine¬ 
ment systems filtered airborne emissions 
from the reactor buildings, and Hanford’s N 


reactor, like Chernobyl’s, was graphite 
moderated. Furthermore, the three 35- 
year-old Savarmah River reactors and the 
20-year-old N reactor were operating be¬ 
yond their design lifetimes. 

Within a month of the accident, then Ener¬ 
gy Secretary John Herrington asked the Na¬ 
tional Academy of Sciences and the Nation¬ 
al Academy of Engineering (NAS and NAE) 
to assess the safety of the department’s 
production reactors, as well as research 
reactors at the national laboratories. 
PROBLEM EPIDEMIC. The first NAS study on 
the four defense production reactors, com¬ 
pleted in early 1987, found an epidemic of 
problems in technology, operator perfor¬ 
mance, management, and safety policy. 
Acute aging was evident in stress corrosion 
cracking of reactor tanks and piping at Savan¬ 
nah River, and in expansion of the Hanford 
N reactor’s graphite moderator, as well as 
in radiation-induced embrittlement of the 
reactor’s metal components. Worst-case ac¬ 
cident analyses were inadequate to provide 
a good picture of how the reactors might be¬ 
have during an accidental loss of coolant, the 
NAS panel found, and the reactor confine¬ 
ment systems might not withstand the pres¬ 
sure brought on by a severe accident. Fur¬ 


ther, the panel criticized the discharge of 
radioactive liquids into open, unlined basins 
during normal operation of the N reactor and 
the potential for similar discharges during ac¬ 
cidents at Savarmah River. 

After publication of the NAS report, the 
N reactor was shut down and put on stand- 


Ashtabula 



• Closed in tandem with Fernald 

• Unsafe working conditions, includ¬ 
ing exposure to radiation (inspector 
below stands over uranium billet) 



• Closed in 1988 when workers went 
on strike to protest unsafe working 
conditions, including exposure to 
radiation (worker above drills sample 
of uranium “derby”) 

• Hundreds of tons of uranium dust 
spewed into the atmosphere and into 
ground water and the Great Miami 
River 

• Thousands of tons of uranium 
waste stored in leaky pits onsite 



(Idaho Chemical 
Processing Plant 
onsite) 

• Toxic chemicals and 
12.8-kilometer plume 
of tritium in aquifer 

• Chromium, mercury, 
oii, and radionuclides 
contaminating soil 


Nuclear weapons production 


Gaseous diffusion 




The nuciear weapons production process shown here is a simpiified depiction of the 
production fiow in the mid-1980s, before problems uncovered in the last few years per¬ 
manently closed Fernald and Hanford. The process starts at the research, design, and 
testing facilities: Lawrence Livermore National Laboratory in California, Los Alamos Na¬ 
tional Laboratory and Sandia National Laboratory in New Mexico, and the Nevada test 
site 100 kilometers from Las Vegas, Nev. The upper portion of the flow is not critical 
right now because uranium and plutonium stockpiles are plentiful; but Energy Depart¬ 
ment officials want to restart the flow through Savannah River for production of tritium, 
a weapons materiai that must be replenished because of its 12.3-year half-life, its three 
reactors are now shut down, but current plans call for a new reactor at Savannah River 
or another site. The Department of Energy has proposed moving the Rocky Flats func¬ 
tions to another site and reconfiguring the complex to reduce the current 13 sites (ex¬ 
cluding Fernald and Ashtabula) to eight sites. Major problems (past and present) at some 
sites are listed above. 
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Oak Ridge Y-12 

• Mercury (used to extract lithium 
from ore), arsenic, and other chemi¬ 
cals pollute East Fork Poplar Creek 
running through center of town of Oak 
Ridge 

• Unsafe operafing procedures, includ¬ 
ing mishandling of cyanide solutions 
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by. It has not operated since, and the depart¬ 
ment now plans to permanently stop produc¬ 
tion of nuclear materials at Hanford. Also as 
a result of the study, an oversight commit¬ 
tee of experts, the Advisory Committee on 
Nuclear Facility Safety, was formed within 
the DOE to advise the secretary. Led by 

John Aheame, a former chairman of the Nu¬ 
clear Regulatory Commission, the commit¬ 
tee has delivered some of the most stinging 
criticism of the complex in letters to the 
secretary. Congress also began legislation 
to create an independent oversight group, 
the Defense Nuclear Facilities Safety Board 

(DNFSB), which began work a year ago. 

The 1986 Chernobyl accident did for the 
nuclear weapoiis complex what the 1979 
Three Mile Island accident had done for the 
commercial nuclear power industry. The 
safety lessons learned by the commercial in- 
dustiy in the early 1980s had not fed into a 
DOE isolated by its policy of secrecy and by 

Hanford 

• N reactor closed in 1987 because of acute aging and release of radioactive effluents 
into open basin during normal operation 

• Purex (plutonium-uranium extraction) closed in 1988 

• Declared an environmental laboratory in 1990 

• 20 X 10” becquerels of iodine released mostly in 1940s and 1950s 

• Hydrogen and nitrous oxide generation in one high-level double-shell waste tank 
could explode (tank interior shown below) 

• Leaks and explosive ferrocyanide in some of 149 single-shell high-level waste tanks 

1 • Organic solvents in groundwater and fission products in shrublands 


the absence of regulation or oversight like 
that provided for commercial industry by the 
Nuclear Regulatory Commission (NRC). 
Though the DOE responded to the Three 
Mile Island accident by commissioning a 
study led by Jack Crawford on the weapons 
complex, its recommendations for safety im¬ 
provements, which were along the lines of 
the NAS report, were largely ignored. 

Troy Wade, the DOE’s principal deputy 




of defense programs in the early i980s, now 
president of AWC Inc., Las Vegas, Nev., told 




• P, K, L reactors shut down since 1988 be¬ 
cause of unsafe operating procedures; pos- 
sibiiity of cracks in the reactor tanks; and 
confinement and reactor power iimit design 
deficiencies 

• Radiation reieases 

• Cesium-137 in streams and wetiands 

• Open basin (beiow) wouid take overflow of 
radioactive effluents during severe accidents 



Actuators, igniters, detonators 


The Oak Ridge plant is pen 


get tl>eir budget from the 


Kansas City, Pinellas, Mound 

• Toxic chemicals contaminating soil, 
air, and groundwater 

• Plutonium leaching into ground- 
water at Mound 
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spectrum, “We didn’t pay enough attention 
to the Crawford report. I think we got lulled 
into complacency by the fact that the safety 
records were good, the production goals 
were being met. We took some comfort in 
knowing that those reactors were quite 
different from any others in the country.” 
The weapons reactors operate at much 
lower temperatures and pressures than com¬ 
mercial reactors. 

In addition, the renewed emphasis on 
weapons production in the Reagan adminis¬ 
tration meant, according to Wade, that the 
production facilities went from operating at 
25 percent of capacity during the Carter ad¬ 
ministration to ‘ ‘110 percent. ’ ’ Little money 
was left in the budget for maintenance and 
upgrades. Ironically, even in the Carter ad¬ 
ministration, Wade said, “when we told 
them we were going to have to spend a fair 
amount of money either to upgrade reactors 
or build new ones, they clearly weren’t in¬ 
terested because they were antinuclear and 
antiweapons. When we went to Congress, 
they’d say, ‘Your record last year was pret¬ 
ty good, you haven’t hurt anybody there, 
you made your production goals—let’s put 
it off for another year.’ ” 

By the mid-1980s the increased stress on 
the complex’s production capability had 
thrown the safety deficiencies into stark re¬ 
lief for the agency’s officials. Consequent¬ 
ly, Secretary Herrington began recruiting 
expertise from the nuclear power industry 
and the NRC. In late 1987 Richard 
Starostecki, then NRC director of inspec¬ 
tions and technical assessments for all com¬ 
mercial reactors in the country, became the 
DOE deputy assistant secreta^ for environ¬ 
ment, safety, and health—the agency’s chief 
safety officer. Although he knew of 
the NAS findings, Starostecki told 
Spectrum, “It was quite frankly eye- 
opening and shocking to come to the 
Department of Energy. ’ ’ 

IN THE PUBLIC EYE. In Au^st 1988, 
with the heightened scrutiny of the 
DOE complex, an incident at a nude- 
ar reactor at Savannah River trig- 
gered a breakthrough into the pub- 
lie consciousness. It highlighted the 
most insidious safety failures of the 
doe’s supervision; poor communi- 
cation, unclear lines of responsibili- 
ty, insufficient technical expertise, m 
poor operator training, and deficient 
operating procedures. 

A crew at Savannah River, operated by 
E.I. du Pont de Nemours & Co., was restart¬ 
ing the P reactor, one of three in working 
order there, after it had been shut down for 
four months so that the emergency cooling 
system could be reinforced against earth¬ 
quakes. This was one of the first require¬ 
ments derived from commercial practice in 
Herrington’s drive for state of the art. The 
modifications were originally scheduled to 
take only a few weeks, but after the shut¬ 
down, seismic experts discovered more 
bracing was needed. 'The K and L reactors 


were also being modified, and it was imper¬ 
ative to get at least one reactor going again 
to meet production quotas. The three heavy- 
water reactors were the nation’s only source 
of tritium, a radioactive isotope that in¬ 
creases the explosive power of nuclear 
weapons and must be replenished because 
of its short half-life (12.3 years). 

While the P reactor was being started up 
on Aug. 7, the crew of operators and the 
reactor engineer noticed that the power was 
not rising as rapidly as expected. Though 
puzzled, they compensated by removing 61 
more control rods than calculations had 
called for to reach criticality. After reaching 
75 percent of allowed power, the reactor 
power level began dropping and on Aug. 9 
it had to be shut down. 

Du Pont engineers found that they had 
made the calculations with an incorrect 
xenon table and had ignored the four-month 
buildup of helium-3, a reactor poison gener¬ 
ated by the decay of tritium in the core. 
These errors meant the configuration of rods 
prescribed by the engineers for power-up 
produced a core reactivity too low for a suc¬ 
cessful start. At this point Du Pont notified 
DOE of the problems by informing the 
Savannah River Operations Office, the DOE 
field group that monitors contractor opera¬ 
tions on site. Both parties agreed the reac¬ 
tor could be restarted that day. 

The following day, as the reactor was still 
powering up, a 2 percent increase in power 
showed up on all four of its high-level flux 
monitors. Within a minute, an operator 
brought the surge under control by insert¬ 
ing control rods. The reactor crew had never 
seen a power spike registered on all four 
monitors (except when there was rod mo- 


DOE lacked technical 
inquisitiveness, 
which means being 
smart enough to ask 
the right questions 


tion), but continued the start-up, vraiting 24 
hours to notify the DOE of the spike. On 
Aug. 11, for the first time the operations of¬ 
fice apprised the onsite representatives finm 
the headquarter’s Office of Environment, 
Safety, and Health (called the EH office) of 
this and the previous problem and they in 
turn notified DOE headquarters. 

EH was charged with overseeing opera¬ 
tions at all sites in the complex, but not until 
Starostecki took charge did EH place 
representatives on-site. Previously the 
checking had been done almost exclusively 
on paper. “I realized there was a real need 


for hands-on inspection shortly after I ar¬ 
rived at the department, ’ ’ he said. ‘ ‘In Janu¬ 
ary 1988, when I was being introduced to the 
various Savarmah River plant managers and 
the vice president, the people with me from 
the local field office were being introduced 
to them at the same time.” 

If EH representatives had not been on¬ 
site, DOE headquarters might never have 
learned of the P reactor incident. The 
Washington, D.C., office at once sent a tech¬ 
nical review team, which on Aug. 15 recom¬ 
mended shutting the reactor down, not be¬ 
cause of any unsafe condition of the reactor, 
but because all members of the crew ac¬ 
knowledged in interviews that they neither 
understood nor cared to learn the cause of 
the anomalies in the start-up. (The engineer¬ 
ing department had not explained to them 
the discrepancies in the calculations.) This 
particularly alarmed the EH team since in 
the previous 20 years of operation no more 
than 30 control rods over the calculated 
number had ever been removed. Further, 
the crew indicated that since it had adhered 
to operating procedures, it would do the 
same again in a similar situation. 

Indeed, the standard operating procedures 
contained no guidance for anomalous events. 
Since the operators had not been trained in 
basic reactor physics or in handling nonrou¬ 
tine events, Starostecki noted, lack of writ¬ 
ten guidance was a serious liability. In the 
commercial arena, the development of a 
technical rationale and the upgrading of 
procedures for such anomalies had been rou¬ 
tine since 1983, as a result of an accident at 
a nuclear power plant in Salem, N.J. 

The doe’s assistant secretary for de¬ 
fense programs at the time was Troy Wade. 

I “I was shocked at what happened 
during the restart, ’ ’ he told Spectrum, 
but added that it ffid not reflect oper¬ 
ations at all sites. ‘ ‘Worker radiation 
exposures at most sites have gone 
down every year. That says there 
were some safety programs that were 
working. Nobody ever talks about 
those.” 

EXPERTISE SHORTMLL. The shallow¬ 
ness of its technical expertise forced 
the Savannah River Operations Office 
to rely on Du Pont for technical as¬ 
sessment during the P reactor inci¬ 
dent. Over the years, this reliance 
had turned the office from depart¬ 
mental supervisor into a contractor service 
organization, Starostecki said. And since all 
the weapons sites were Government- 
owned, contractor-operated (GOCO) facil¬ 
ities, the same was true of most other field 
offices. Often an office would defend “its 
contractor” to DOE headquarters. 

‘ ‘What any contractor or consultant wants 
more than anything is a good customer, who 
knows what he wants and lays out his expec¬ 
tations,” Starostecki said. “Over the past 
two decades the relationship between the 
field office and contractor had eroded to the 
point where the office worked with the 
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contractor to promote production and 
viewed the contractor as the customer. DOE 
has to learn to be a good customer.” 

Secretary Watkins has several strategies 
for raising the agency’s technical proficien¬ 
cy and environment^ and health expertise. 
In 1990 he created an Office of Technology, 
Recruitment, Training, and Professional 
Staff Development, headed by Starostecki, 
to set agency-wide standards for hiring and 
training new personnel. The measure of the 
success of this group, Starostecki said, will 
be the level of technical inquisitiveness at 
contractors and the field offices. ‘Techni¬ 
cal inquisitiveness requires a fundamental 
change in attitude,” he said. ‘‘It means if 
you see something out of the ordinary, you 
are smart enough to ask the right questions 
and then you fix it before it breaks.” 

Watkins has successfully lobbied for legis¬ 
lation that lets the agency hire retired mili¬ 
tary and Federal employees—from the 
Navy’s nuclear submarine program or the 
NRC, for example—without the usual re¬ 
quirement that their pension be reduced by 
the amount of their new salary. He is also 
working with the Administration to designate 
a number of jobs at the department as criti¬ 
cal positions. This category can carry sala¬ 
ries much higher than civil service positions, 
but is limited to 500 scientific and engineer¬ 
ing positions throughout Government. 
SAFETY CONCERNS. The P reactor incident 
also highlighted weaknesses in the report¬ 
ing relationships and management structure 
in the agency. The EH group, both the on¬ 
site contingent and the review team from 
headquarters, had been forced into an ad¬ 
versarial position against the field office and 
Du Pont. When EH recommended a shut¬ 
down on Aug. 15, DOE field officials invoked 
a DOE order requiring EH staff to prove a 
clear and present danger before ordering a 
shutdown. Consequently, the reactor was 
not powered down until Aug. 17, when Du 
Pont management and the field office man¬ 
ager agreed it should be. ‘ ‘Too often EH is 
perceived as more of a problem than a solu¬ 
tion,” said Starostecki. 


Watkins recognized that EH’s problems 
reflected a fundamental flaw in the structure 
of the DOE. The headquarters Office of De¬ 
fense Programs paid the operating budget 
for the sites, and had the job of ensuring that 
the complex met production goals. But that 
office had no responsibility for environment, 
safety, or health; nor did EH have any budget 
authority to implement its safety goals or to 
clean up waste—only to issue safety policies. 
Thus production always came first, and EH 
was seen as an impediment to it. 

Watkins has augmented Defense Pro¬ 
grams’ responsibilities. It must now ensure 
safety, protect the environment, and set up 
self-assessment groups that would identify 
and correct problems before others find 
them. EH acts as a second level of oversight 
to ensure adherence to its safety policy. To 
give nuclear safety a higher profile, Watkins 
removed that responsibility from EH and 
created an Office of Nuclear Safety on a par 
with EH. EH now oversees worker 
safety—compliance with Occupational Safe¬ 
ty and Health Administration (OSHA) stan¬ 
dards, which includes radiological and fire 
safety—and environmental compliance with 
the National Environmental Policy Act 
(NEPA) and Environmental Protection 
Agency (ERA) guidelines in the storage and 
management of wastes. 

In the past, the department encouraged 
high output by awarding fees to contractors 
based on performance evaluations made by 
field managers. Over the decades, these 
fees became almost automatic, and since the 
field managers themselves got bonuses on 
the order of $13 000 if their contractor per¬ 
formed well, it was in their interest to pump 
up the contractor’s performance. Officially, 
performance in environment, safety, and 
health accounted for 10 percent or less of the 
evaluation, while production performance 
accounted for 40-50 percent. Watkins has 
modified the award system so that 51 per¬ 
cent of the evaluation comes from the en¬ 
vironment, safety, and health aspects of the 
company’s performance. 

In 1984, National Lead of Ohio (NLO) Inc., 


Beginning in 1968, double-shell steel tanks 
{under construction at left) were built under¬ 
ground at the Hanford Nuclear Reservation 
to store high-level radioactive wastes. In the 
late 1970s, chemists discovered that explosive 
hydrogen and other gases generated in one 
tank were causing the waste slurry to swell by 
a few inches and then collapse every two to 
three months. The tank’s vapor space, nor¬ 
mally maintained at a negative pressure to 
contain gases, was being pressurized during 
the waste’s growth periods—possibly enough 
to push radioactivity out through unfiltered 
maintenance ports or cracks (below) in the 
concrete cap over the tank. 


manager of the Feed Materials Production 
Center in Femald, Ohio, received $1.3 mil¬ 
lion in bonuses in addition to its usual fee of 
$1.3 million for operating the plant. Just five 
months before the award, a critical study of 
the plant, commissioned by the Oak Ridge 
operations office, reported it to be so poorly 
managed that workers were routinely ex¬ 
posed to hazardous radiation levels. More¬ 
over, thousands of pounds of uranium dust 
were being released into the air and ground- 
water during normal operation. 

Yet Oak Ridge field manager Joe La Grone 
rated NLO’s performance excellent, and 
NLO received three-quarters of the ^ow- 
able bonus. The following year, after a large 
uranium leak at Femald was made public. La 
Grone declined to award NLO a bonus, and 
a short time later the company decided not 
to manage the plant any more. 

GATHERING SIDRM. The uranium releases at 
Femald were revealed to the public in Con¬ 
gressional hearings shortly after a worker 
strike for higher wages and safer working 
conditions shut the plant down in October 
1988. The hearings, as well as a series of 
reports in The New York Times, publicized 
the P reactor incident and other problems 
at Savannah River, Rocky Flats near Den¬ 
ver, Hanford, and the Waste Isolation Pilot 
Project in Carlsbad, N.M., a new reposito¬ 
ry for low-level wastes. That month marked 
the turning point for the department’s nu¬ 
clear weapons program. Femald, which 
Troy Wade acknowledged was a ‘‘manage¬ 
ment disaster,’ ’ never reopened and is now 
permanently closed while the department’s 
new Office of Environmental Restoration 


itzgerald—Overhaulir 




43 























and Waste Management restores the en¬ 
vironment there, where thousands of tons 
of uranium waste were stored in leaky pits. 
The new office’s assistant secretary Leo 
Duffy estimates it will take 30 years to re¬ 
store the site to green pasture. 

Hanford, too, has been relieved of its 
production function and has been turned into 
an environmental laboratory. Richard Clay- 
tor, the DOE assistant secretary for defense 
programs, told Spectrum that the country has 
plenty of low-enriched uranium metal and 
weapons-grade plutonium, and that conse¬ 
quently, Femald and Hanford are no longer 
necessary in the production chain. But Clay- 
tor stressed that the department will con¬ 
tinue to make weapons from existing stock¬ 
piles and retired weapons. “With our 
current requirements,’’ he said, “we 
definitely need to produce nuclear weapons 
for the foreseeable future, for many years. ’ ’ 

None of the Savannah River reac¬ 
tors was restarted after October 1988, 
despite the Reagan and Bush ad¬ 
ministrations’ assertions that immedi¬ 
ate restart was critical to maintaining 
the supply of tritium. The DOE’s 
1992 budget indicates that the P reac¬ 
tor will be shut down permanently. 

Rather than two new reactors as 
originally proposed, the department’s 
plan now calls for only one, which will 
be devoted to tritium production. 

The most far-reaching option in the 
reconfiguration plan aimounced in 
February would reduce the 13 current 
sites to only eight by consolidation and 
streamlining of functions. The 
Rocky Flats plant, which has been closed 
since fall 1988, would be relocated to one of 
five existing sites in the complex or a new 
one. Its functions would be consolidated with 
those of either the Oak Ridge Y-12 plant or 
the Pantex plant or both. 

Aside from streamlining the production 
process, the department feels it necessary 
to move Rocky Flats, Claytor said, because 
of the enormous local opposition to the plant 
and its proximity (24 kilometers) to Denver. 
The site’s watershed feeds drinking water 
supplies for two Denver suburbs. Nonethe¬ 
less, he said the department plans to restart 
operations at the plant this summer to meet 
weapons requirements. 

The plan also proposes letting private in¬ 
dustry supply the non-nuclear parts now 
made at the Pinellas, Kansas City, and 
Mound plants and eliminating those sites. 
MOPPING UP. Many environmentalists com¬ 
plain that since the new plan is independent 
of the environmental restoration and waste 
management program, the new complex 
may produce environmental problems as 
serious as the current ones. Duffy counters 
that the sites now must comply with en¬ 
vironmental laws. Until recentiy, the DOE 
had frequently argued that it was exempt 
from EPA and state environmental laws. 
“From the early to mid-’80s the Depart¬ 
ment of Energy was constantly seeking 


generic exemption from compliance with a 
variety of environmental laws,” said Sen¬ 
ate st^ member Alvarez. “ We read reports 
where they said, ‘If we have to comply with 
these laws, we’re going to effectively cur¬ 
tail weapons production.’” 

But in the last few years, suits brought by 
such organizations as the Natural Resources 
Defense Council to force compliance have 
been succeeding. Watkins set up tiger teams 
last year to inspect each site for violations 
of not only environmental laws but also 
worker safety laws like OSHA’s. The teams 
have so far completed 18 visits. But a weak¬ 
ness of the teams, noted by Aheame’s com¬ 
mittee, is that though they categorize prob¬ 
lems, they do not sufficiently flag major 
problems for upper management. 

For example, the Hanford tiger team 
itemized 1271 violations of OSHA standards 
and 266 safety and health concerns at the 


site. Yet when the team briefed Aheame’s 
committee on its findings, there vras no men¬ 
tion of what the committee views as the 
most serious problem—the possibility of ex¬ 
plosions in tanks of high-level radioactive 
waste buried underground at Hanford. Par¬ 
ticularly frightening is the generation of 
hydrogen and nitrous oxide gases in double¬ 
shell tanks. This condition was revealed to 
the public only in March 1990 shortly after 
the current Hanford contractor. Westing- 
house Electric Corp. in Pittsburgh, briefed 
Congress’ oversight board, the Defense Nu¬ 
clear Facilities Safety Board, on the 
problem. 

Yet Rockwell International Corp. in El 
Segundo, Calif., Hanford’s previous contrac¬ 
tor, knew of the problem as far back as 1977 
when it discovered that one tank’s wastes— 
topped by a hardened, crusty layer—were 
growing at a rate of about 1 percent per 
month, burping gases, and then collapsing. 
By 1980 several chemists had noted the 
generation of nitrogen, nitrous oxide, and 
hydrogen and the potential for explosion. 
But in over 12 years the company did noth¬ 
ing except monitor it periodically with poor 
instrumentation and t^e one core sample— 
not for analyzing gas generation but for cor¬ 
rosion analysis of the waste. Also, because 
Rockwell was required to keep the waste in 
the tanks below a certain level, the compa¬ 
ny occasionally lanced the waste with pres¬ 
surized water or air. A July 1990 study of the 


problem by the newly created Office of Nu¬ 
clear' Safety noted that the core sampling and 
the lancing activity might produce sparks. 
Should ignition occur, the report said, flam¬ 
mable constituents in the cmst could cause 
a secondary bum or explosion, possibly 
more violent than the first reaction. 

Perhaps indicative of the clash of the past 
and future cultures at the DOE, the Nucle¬ 
ar Safety office—headed by Steve Blush, 
former staff director of the NAS studies— 
heavily criticized Rockwell, Westinghouse, 
and the DOE Richland Operations Office for 
poor management of the tank farms, for 
keeping the problem under wraps, and for 
doing nothing substantial to correct it. It also 
rebuked Westinghouse for portraying the 
problem as a new concern last March. 

But Troy Wade countered, “It is patently 
incorrect to say that the hydrogen problem 
at Hanford was covered up and that nothing 
was done about it. There were lots 
of measurements made and things at¬ 
tempted. It was never believed by 
competent authority to present a 
major problem. People put off buying 
new tires for their cars when they 
don’t have the money because they 
are willing to accept the risk. That 
same sort of cost-benefit argument is 
made every day in the DOE.” 

The cost of cleanup at Hanford and 
other sites now is so high that some 
question whether it can realistically 
ever be accomplished. “Right now 
there are 100 acres [40 hectares] of 
contaminated land for which no technologies 
exist to return them to their original condi¬ 
tion, ’ ’ said Alvarez. “If we are unable to re¬ 
turn portions of these sites for habitability, 
will we be engaging in a policy of creating 
national sacrifice zones?” 

Alvarez also questioned whether the DOE 
has the expertise in-house to deal with the 
problems. Many of the techniques the DOE 
proposed for monitoring gases in the Han¬ 
ford tanks, he said, show an ignorance of 
state-of-the-art practices in private industry. 
DOE envirorunental restoration assistant 
secretary Duffy acknowledged that the 
department needs to double its current staff 
of environmental engineers, but complained 
about ‘ ‘the severe lack of environmental tal¬ 
ent in the United States.” 

But there is optimism about change at the 
DOE. ‘ ‘If you go back a year, the tiger teams 
were finding that there had not been a full 
buy-in at the DOE field offices and contrac¬ 
tors of the secretary’s initiatives, ’ ’ said Paul 
Ziemer, assistant secretary of the Office of 
Environment, Safety, and Health. “We’re 
starting to see now that there is.” 

Starostecki is heartened, too. ‘ ‘It took the 
commercial sector on the order of 10 years 
to develop fully accredited training programs 
and revised qualification standards for reac¬ 
tor operators, ’ ’ he said. ‘ ‘We’re only three 
years into the process. My judgment is 
there’s an awful lot of things that are still bro¬ 
ken, but we’re on the right path.” ♦ 


High-level radioactive 
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SPECIAL REPORT: ENERGY MANAGEMENT 


Origin of a culture 


The DOE inherited the 
secrecy engendered by the 
concern for national 
security at the Atomic 
Energy Commission 

As a direct descendant of 
the Atomic Energy Com- 

pSn Department of Energy 

retained many of 
jl the institutional genes of 
the organization hatched in 
1946 from the atomic 
bomb’s Manhattan Project. The depart¬ 
ment’s present-day problems can be traced 
to the secrecy, isolation, and lack of outside 
assessment built into an agency that had 
been given, as the first AEC chairman David 
Lilienthal put it, ‘ ‘a terrible responsibility. ’ ’ 

On the heels of World War II and the first 
use of atomic weapons at Hiroshima and 
Nagasaki, a nation dismayed by the bomb’s 
destructive power was ready to concentrate 
on peaceful uses of the atom—from electri¬ 
cal power and desalting sea water to food 
preservation. Though the Army had 
managed the Manhattan Project, many in 
Congress felt that only a civilian agency 
could oversee nuclear weapons production 
and at the same time shift the focus to 
peaceful applications. 

There were others who believed that only 
the military could guard atomic secrets 
against Communist espionage. The United 
States had decided soon after the war not 
to share with any other country—not even 
Britain, Canada, or France—the engineer¬ 
ing and manufacturing technology needed to 
make nuclear weapons. President Truman 
believed that “if they catch up with us on 
that, they will have to do it on their own 
hook, just as we did. ’ ’ In the end, advocates 
of a civilian agency won out, although the 
1946 Atomic Energy Act created a Military 
Liaison Committee to work with the new 
agency. 

Harsh questioning at Congress’ Joint Com¬ 
mittee on Atomic Energy confirmation hear¬ 
ings for the five commissioners centered on 
secrecy concerns, revealing what Lilienthal 
called hysteria over Communist aggression 
in eastern Europe. Nonetheless, Lilienthal 
and four other nominees, all strong support- 
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ers of a civilian agency, were eventually ap¬ 
proved. As the Cold War set in, secrecy con¬ 
cerns intensified through the 1950s. 

The Atomic Energy Act required that per¬ 
sonnel be subjected to security investiga¬ 
tions unprecedented in the U.S. govern¬ 
ment. Although Lilienthal attempted to 
uphold civil liberties, the hysteria of the 
times sometimes crept in. In 1954 the com¬ 
mission went so far as to revoke the securi¬ 
ty clearance of J. Robert Oppenheimer, the 
scientific director of the Manhattan Project’s 
wartime weapons program, then working as 
a consultant for the commission. The com¬ 
mission’s decision was primarily based on 
his associations with left-wing radicals, 
which were known when he was hired for 
the Manhattan Project ten years before. 

Soon after the inception of the commis¬ 
sion, a number of security breaches and sto¬ 
len documents put greater pressure on the 
AEC to render its fortress impenetrable. In 
one case Congressman J. Parnell Thomas 
gained access to Oak Ridge and employee 
files there in order to demonstrate that a ci¬ 
vilian agency could not provide the neces¬ 
sary security. Charging in Liberty magazine 
that the production plants were ‘ ‘heavily in¬ 
fested” with “Communist suspects,” he 
advocated returning the Manhattan District 
to the Army—as did six bills then pending 
in Congress for repeal of the Atomic Ener¬ 
gy Act. A subsequent investigation by the 
joint committee found no glaring lapses in 
security, but recommended more guards and 
better security facilities. 

Preoccupied with security issues, the joint 
committee paid little attention to oversee¬ 
ing the technical aspects of weapons produc¬ 
tion. Charges of “incredible mismanage¬ 
ment” at the commission made in 1949 by 
the committee chairman. Senator Bourke 
Hickenlooperoflowa were directed primar¬ 
ily at lax security standards—as mariifested 
in a case of missing uranium from Argonne 
National Laboratory in Illinois—and cost 
overruns at the Hartford site. The outcome 
of hearings on the charges was a report by 
the committee majority vindicating the com¬ 
mission and pointing to the growing stock¬ 
pile of atomic weapons and the weapons 
tests at Eniwetok Atoll in 1948 as evidence 
of the agency’s success. 

The joint committee, created by the 
Atomic Energy Act, was the agency’s only 
oversight and rarely questioned health, safe¬ 
ty, and environment^ policies. The agency 
was not bound by any laws in these areas ei¬ 
ther. As current Deputy Secretary of Energy 


W. Henson Moore noted in a speech at the 
Rocky Flats plant in Colorado on June 17, 
1989, “The [AEC] philosophy was: This is 
a secret installation, not subject to any laws 
of the United States or the state of Colorado. 
[Its] job was to produce the secret and 
necessary ingredients for our nation’s de¬ 
fense and nobody was to interfere.” 
UNPRECEDENTED PDWERS. No Government 
agency ever before in peacetime had been 
given such sweeping powers as the AEC. 
James Newman, a principal author of the 
Atomic Energy Act, noted in his 1948 book. 
The Control of Atomic Energy, that the com¬ 
mission was granted the same constitutional 
powers as those required to conduct war. 
Quasi-legislative, quasi-judicial, and execu¬ 
tive powers were necessary to create a 
Government monopoly on atomic energy 
sources and prohibit private activity. New¬ 
man wrote, ‘ ‘The powers were conferred by 
Congress only wift profound misgiving and 
after prolonged soul-searching_In pass¬ 

ing [the act], Congress implicitly recognized 
that under the disintegrating force of the 
atomic bomb, the ancient institutional forms, 
honored and familiar though they were, had 
become obsolescent. For it is apparent that 
in the atomic age, in times of international 
unbalance, there is no limit to what the state 
will have to do in the name of security.” 

The authority was given to the AEC out 
of the conviction that nuclear weapons would 
ensure the nation’s freedom. Furthermore, 
if the secrets of the weapons could be kept 
within the country, many believed world 
peace could be maintained. 

External scrutiny was also limited simply 
because most politicians did not understand 
the sophisticated technology involved in the 
agency’s mission. The mention of national 
security or secrecy needs easily deflected 
most outside questioning of its practices, in¬ 
cluding its atmospheric testing program. 

When the Manhattan District facilities 
were transferred to the AEC, there were 
2000 military personnel, 4000 civilian 
Government employees, and 38 000 con¬ 
tractor employees. Contractors like General 
Electric Co. had built and operated the first 
nuclear weapons factories. Under the Atom¬ 
ic Energy Act, the commission could have 
operated the facilities with Government em¬ 
ployees, but the production of nuclear 
weapons was so complex that the commis¬ 
sioners felt only the best engineering cor¬ 
porations had the expertise to carry it out 
with the speed required. 

The AEC was able to provide effective 
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the country’s leaders to manufacture a large 
number of nuclear weapons as rapidly as 
possible. Production received even greater 
emphasis after the first detonation of an 
atomic bomb by the Soviets in 1949; ener¬ 
gy research was pushed further into the 
background. Disheartened by his inability to 
focus the agency on his dream of develop¬ 
ing civilian energy applications, chairman 
Lilienthal resigned in 1950. 

By the mid-1950s, there was “an inexora¬ 
ble shift in the Commission’s aims from the 
idealistic, hopeful anticipation of the peaceful 
atom to the grim realization that for reasons 
of national security, atomic energy would 
have to continue to bear the image of war, ’ ’ 
wrote AEC historians Richard Hewlett and 
Francis Duncan in their 1962 book Atomic 
Shield. The Korean War reinforced the shift. 
By 1964, the country had produced so much 
plutonium that President Lyndon Johnson 
shut down eight reactors at Hanford, Wash., 
Qeaving only the N reactor, then in construc¬ 
tion) and one at Savannah River, S.C. 

All this was happening at a time when en¬ 
vironmental concerns were not a priority for 
the nation. Caroll Wilson, the first general 
manager of the AEC, wrote in the June 1979 
Bulletin of the Atomic Scientists: “Chemists 
and chemical engineers were not interested 


contractor oversight, at least on nonenviron- 
mental technical issues, as long as it retained 
the technical expertise of the Manhattan 
Project personnel. But the late 1970s 
brought an exodus of technical talent as a re¬ 
sult of the abolition of the AEC and the ap- 
portiomnent of its commercial regulatory 
responsibilities to the Nuclear Regulatory 
Commission, and its weapons production 
and energy research functions to the Ener¬ 
gy, Research, and Development Administra¬ 
tion. (Two years later this entity became the 
DOE.) Much of the expertise went to the 
NRC and industry. With no capability to chal¬ 
lenge the technical and safety decisions of 
the contractors, DOE officials in effect threw 
off the reins of control. 

Another early AEC decision contributed 
to this effect. As a precaution against enemy 

To consolidate the energy-related offices 
throughout the Government and to reshape 
them to fit national energy strategy, the 
Department of Energy was formed in 1977 
from the agencies to the right (only major 
constituents shown). The Energy, Re¬ 
search, and Development Administration, 
with responsibility for nuciear weapons 
production and energy research, account¬ 
ed for the buik of the new organization. 

Regulation of the commercial nuclear 
power industry went to the Nuclear 


attack, espionage, and operating accidents, 
the Manhattan District sites were isolated 
and dispersed across the country. The AEC 
retained this idea, and Lilienthal added an¬ 
other dimension by his philosophy of decen¬ 
tralization. He believed it not only a good 
management technique (since operations 
could not be efficiently managed from a re¬ 
mote headquarters), but also an essential 
element of a democratic society. Conse¬ 
quently, he gave the agency’s field offices 
the authority to make important decisions, 
a policy that carried through to the 1980s. 
When the field offices lost technical exper¬ 
tise, the sites were islands unto themselves, 
operated freely by contractors. 

PRESSURE TB PRODUCE. Weapons develop¬ 
ment and production was the top priority for 
the agency. It was obeying a mandate from 





















































in dealing with waste. It was not glamorous 
... it was messy; nobody got brownie points 
for caring about nuclear waste. The Atomic 
Energy Commission neglected the prob¬ 
lem... .The central point is that there was 
no real interest or profit in dealing with the 
back end of the fuel cycle.” 

The management of high-level radioactive 
wastes that came from plutonium production 
at the Hanford and Savaimah River plants is 
a case in point. From 1944 to 1964, the agen¬ 
cy and its predecessor built 149 carbon steel 
underground tanks ranging in capacity from 
55 000 to 1 million gallons (200-3800 cubic 
meters) at Hanford. The AEC saw this prac¬ 
tice as an interim measure, with the ultimate 
goal of vitrifying the wastes for final geolog¬ 
ical disposal. 

According to a July 1990 report on the 
Hanford tanks by the DOE’s Office of 
Nuclear Safety, it had become apparent by 
the early 1950s that there would soon be a 
shortage of tanks. Consequently, the wastes 
were concentrated by adding potassium fer- 
rocyanide to precipitate highly radioactive 
cesium-137 from the solution, and the liq¬ 
uid was pumped out to make room for more 
wastes. 

More than 100 metric tons of cyanide were 
added to the tanks during these so-called 
scavenging operations. Beginning in the 
early 1970s it was discovered that 66 
of the Hanford tanks had developed 
leaks. The AEC responded by build- 
ing double-shell tanks at both Hanford 
and Savannah River. Liquid wastes 
from the leaking single-shell tanks 
were concentrated through an 
evaporation and crystallization pro- 
cess and moved to double-shell t^s 
through the early 1980s. 

But in 1982 Harold Van Tuyl, man- 
ager of the Pacific Northwest Labora- 
tory’s analytical chemistry laborato- 
ry at Hanford, pointed out that the 
mbrture of ferrocyanide, nitrates, and nitrites 
in the single-shell tanks could explode at 
high temperatures. According to the nucle¬ 
ar safety office report, he was concerned 
that proposals for removing liquid from the 
tanks and backfilling with rock to stop leaks 
would raise temperatures to dangerous 
levels. 

A subsequent 1984 report presented a 
worst-case analysis showing the potential for 
an explosion equivalent to 36 tons of TNT. 
Known as the Burger report, the study was 
not approved for publication by the DOE be¬ 
cause of the need for further studies, but 
funding for those studies was denied. Fur¬ 
thermore, the DOE continued to pursue the 
backfill idea for three more years. 

Only a year ago, the DOE revealed an 
even more serious problem with the double¬ 
shell tanks. Since the late 1970s, one of the 
Hanford tanks has been inexplicably gener¬ 
ating hydrogen and nitrous oxide, a mixture 
with greater potential for explosion than the 
ferrocyanide in the single-shell tanks, ac¬ 
cording to the nuclear safety office report. 


Many authorities cite this as the most seri¬ 
ous problem in the nuclear weapons com¬ 
plex today. 

HEALTH AND SAFETY. By the 1930s, the illness¬ 
es of medical professionals and radium-dial 
painters had revealed the dangers of exter¬ 
nal gamma radiation and internal alpha emit¬ 
ters. The knowledge of the effects of low- 
level doses of radiation has been refined in 
the decades since. But recently revealed 
radiation releases and worker radiation ex¬ 
posures at Hanford and Femald, Ohio, indi¬ 
cate that the hazards of radiation were often 
not taken seriously enough. 

Many instances can be attributed to negli¬ 
gence, but some releases were planned. In 
one experiment at Hanford in 1949, 5500 
curies—200 terabecquerels—of radiation 
were released (about 20 curies—750 
gigabecquerels—were released during the 
Three Mile Island accident) to test equip¬ 
ment for detecting radiation. 

Troy Wade, president of AWC Inc., who 
worked for the AEC and its successor agen¬ 
cies from 1958 through 1989, told IEEE 
Spectrum that the releases were necessary 
to learn "what we needed to do to protect 
our facilities and to learn more about what 
our adversaries were doing. ’ ’ Secrecy was 
vital, he said, and stressed that AEC authori¬ 
ties did not believe that the information then 


No interest 
was shown in 
the back end of 
the fuel cycle 


available indicated a danger to public health 
and, safety. 

But declassified documents show that 
Hanford health specialists recognized the 
risk, and that plant managers felt it was 
worth taking for the nation’s security. High 
incidences of cancer and thyroid disease 
have been reported in the area, and studies 
are now under way to determine whether 
these are linked to the radiation releases. 

The AEC succeeded in manufacturing 
60 000 nuclear weapons and developing nu¬ 
clear power. But the secrecy that was seen 
as all-important to that goal failed to keep 
nuclear weapons out of other countries’ 
hands and exacted an enormous price in 
damage to public health, to the environment, 
and, perhaps worst of all, to public trust of 
government science. 

TO PROBE FURTHER. The most in-depth study 
of one of the Department of Energy’s most 
important predecessor agencies is the two- 
part History of the United States Atomic Ener¬ 
gy Commission, tracing energy and defense 
activities from 1939 to 1952. Both parts are 


newly available in paperback editions from 
the University of California Press in Berke¬ 
ley. A third volume. Atoms for Peace and 
War, takes the history through 1961, and is 
available in hardcover from the University 
of CaUfomia Press. All three are by Richard 
G. Hewlett and various co-authors. A fourth 
work, now in progress, is expected to carry 
the story to the AEC’s disbanding in 1975; 
it is being written by Roger M. Anders and 
Terrence Fehner. 

Last year saw publication of several 
studies of the DOE’s energy research activi¬ 
ties. From the Congressional General Ac¬ 
counting Office came at least three: Energy 
R&D: Conservation Planning and Manage¬ 
ment Should be Strengthened-, Energy R&D: 
DOE’s Allocation of Funds for Bask and Ap¬ 
plied Research and Development-, Energy 
Policy: Developing Stratefoes for Energy Poli¬ 
cies in the 1990s. Copies are available free 
of charge from the General Accounting Of¬ 
fice, Box 6015, Gaithersburg, Md. 20877, or 
by calling 202-275-6241. A somewhat more 
technical and focused report. Confronting 
Climate Change: Strategies for Energy Re¬ 
search and Development, is available from the 
National Academy Press, 2101 Constitution 
Ave., N.W., Washington, D.C. 20418; 
202-334-3313. 

The DOE’s own Oak Ridge National 

I Laboratories looked to the future in 
“Energy Technology R&D: What 
Could Make a Difference?” For a 
copy, contact the National Technical 
Information Service, U.S. Depart¬ 
ment of Commerce, 5285 Port Royal 
Rd., Springfield, Va. 22161. 

The study that spurred the 
Goverrunent to resolve problems in 
the nuclear weapons complex is the 
National Academy of Sciences’ re¬ 
port, Safety Issues at the Defense 
Production Reactors, published by the 
National Academy Press in 1987. Two 
follow-on studies by the academy are Safe¬ 
ty Issues at the DOE Test and Research 
Reactors (1988) and The Nuclear Weapons 
Complex; Management for Health, Safety, 
and the Environment (1989). 

DOE plans for the weapons complex are 
described in Nuclear Weapons Complex Re¬ 
configuration Study, published by the depart¬ 
ment in January 1991 and available from the 
National Technical Information Service [see 
address above]. A comprehensive study of 
the environmental challenges the DOE 
faces. Complex Cleanup: The Environmental 
Legacy of Nuclear Weapons Production, was 
just released in February by the Office of 
Technology Assessment. It is available for 
$10 under serial number 052-003-01222-7 
from the Superintendent of Documents, 
Government Printing Office, Washington, 
D.C. 20402-9325. 

A five-year study of problems in waste 
tanks at Savannah Kver is reported in Dead¬ 
ly Crop in the Tank Farm, published in 1986 
by the Environmental Policy Institute, 218 
D St., S.E., Washington, D.C. 20003. ♦ 
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TESTING 


Cutting the high cost of testing 


A new modeling approach 
to the overly long testing 
of analog and mixed-signal 
devices saves substantially 
on time and cost 

The responsibility for 
production-testing a new 
line of low-cost 13-bit 
analog-to-digital converters 
is yours. You must devise a 
test plan that can correctly 
sort the devices into per¬ 
formance bins. What do 
you do? You test the first few to come off the 
assembly line extensively, examining how 
accurately the digital outputs correspond to 
the analog inputs and storing the results, 
which often deviate from ideal behavior. 

Even though you are using the latest au¬ 
tomatic test equipment, you notice that test¬ 
ing a 13-bit analog-to-digital converter 
(ADC) at all its possible output codes re¬ 
quires measuring 8192 (21^) different values 
of input voltage—a very time-consuming 
task. And that is just for the room- 
tempeiatuie tests at nominal supply voltage. 
More thorough testing could t^e several 
times longer. 

To keep production flowing, you realize 
that you may have to buy more test stations. 
But that capital investment would force up 
the price of the converters, supposedly low- 
cost devices. You long for a simpler test plan, 
one that would let you sort those convert¬ 
ers accurately into the performance bins 
without increasing your costs. 

Test engineers are constantly faced with 
that challenge; how to develop test routines 
that will correctly sort devices at minimum 
cost. There are inevitable tradeoffs between 
the expensiveness and thoroughness of the 
testing; for a given cost, the more complete 
the testing, the lower the throughput. 

Over the last several years, a comprehen¬ 
sive approach that optimizes the tradeoffs 
associated with production testing of analog 
and nuxed-signal electronic devices has been 
developed at the National Institute of Stan¬ 
dards and Technology (NIST), Gaithersburg, 
Md. It is based on the fact that the behavior 
of many devices is governed by a relatively 
small set of imderlying variables, which con- 
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sequently determine the results of a large 
number of measurements. In essence, a 
simple linear coefficient matrix model of the 
device is set up to relate the (relatively large 
number off measured responses to the (rela¬ 
tively small set oO underlying variables. 

This approach, an extension of the well- 
studied technique known as optimal design 
of experiments, is then coupled with the 
concept of empirical modeling. Although 
much more computationally efficient than 
the optimal design technique, the new ap¬ 
proach yields nearly as good results. Early 
evaluations of its use in small-scale commer¬ 
cial experiments indicate its probable utili¬ 
ty in situations where the candidate test 
space is large or otherwise expensive to test 
exhaustively, and where a rather few under¬ 
lying parameters affect many aspects of de¬ 
vice behavior—as is true with analog ICs. 

In addition to testing converters, the ap¬ 
proach is being applied successfully to a va¬ 
riety of devices and instruments, including 
amplifier-attenuator networks, filters, and 
multirange instruments. 

Despite such achievements, however, this 
approach may not be as effective in other in¬ 
stances. Unless a model is already available, 
the method is best suited to large produc¬ 
tion runs where the cost of developing the 
model and selecting test points can be amor¬ 
tized over a large number of devices. Also, 
certain types of nonlinear behavior can seri¬ 
ously reduce the efficiency of any linear 
modeling approach. 

LESS IS BETTER. Let us assume that the ini¬ 
tial tests done by the test engineer on the 
first eight devices in our a/d converter ex¬ 
ample yield the results shown in Fig. 1. For 
simplicity, a fictitious 7-bit converter is il¬ 
lustrated with 128 (2U code states. 

Although it is probably not known to the 
test engineer, and not obvious finm the per¬ 
formance plots, the nonideal behavior of the 
converters is largely determined by rather 
few semiconductor-processing variables, 
here assumed to be seven [Fig. 2]. 

To find a solution for a system with seven 
variables, seven independent equations, or 
pieces of information, are required. In Fig¬ 
ure 2, the seven curves on the top repre¬ 
sent the error signatures of the seven 
variables. 

Each variable is associated with a param¬ 
eter that affects the behavior of the device 
in a particular way. For example, parameter 
ai causes the entire response to be offset, 
whereas aj causes a positive offset in the 
lower half of the response and a negative off¬ 
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set in the upper half. 

On the bottom of Fig. 2, the production 
run performance of device No. 8 is shown 
to be a linear combination of these seven sig¬ 
natures; the weight of each is the value of 
the corresponding variable. (The process is 
conceptually similar to the idea behind Fou¬ 
rier analysis, in that a function is decom¬ 
posed into a set of differently weighted stan¬ 
dard functions.) 

In this system, each candidate input test 
condition, or test point, defines a linear 
equation; the total error at each point is a 
linear combination of the seven signatures 
evaluated at the same test point. 

The standard way to test ADCs is to do 
all-codes testing—run the input over its 
range so that all possible output codes are 
generated. A 7-bit converter requires per¬ 
forming at least 128 tests, with 128 separate 
equations—one for each required value of 
input voltage. But, since only seven in¬ 
dependent equations are needed to solve the 
system, only seven test points need to be 
measured to calculate the values of the 
seven variables. Once those variables are 
known, the entire behavior of the ADC can 
be calculated—rather than measured—at 
every required test point by weighting and 
summing the seven error signatures. 

Therefore, the test engineer really needs 
to test the converters under only seven con¬ 
ditions to fully characterize them. 



Emr signature: the characteristic way in which an 
underlying variable contributes to the total error re¬ 
sponse of a device. 

Integral nonlinearity (INL): a figure of merit for an 
analog-to-digital converter, equal to the maximum 
deviation from the ideal input-output curve, not 
counting the gain and offset errors. 

Nomiallzed piedctlon variance: the ratio of the var¬ 
iance of a prediction to the variance of the meas¬ 
urement noise on which it is based. 

QR facterizatlen: a standard method for factoring 
a matrix into a right (R) triangular matrix and an or¬ 
thonormal (Q) matrix-usually done to make ma¬ 
chine solutions less subject to computer roundoff 
errors. 

Residual emrs (residuals): the part of a device’s 
response that is not described by the model. 

Test point: an input signal or other condition ap¬ 
plied to a device under test, to which an ideal re¬ 
sponse can be predicted; it is also called a test con¬ 
dition or input condition. 

Test space: the total range of input variables over 
which a device is tested. 
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[1] The performance of a device as a function 
of one input condition can be illustrated by 
plotting the response error as a function of the 
input condition. In this case, the horizontal 
axis represents the distal output codes of a fic¬ 
titious 7-bit analog-to-digital converter and the 
vertical axis is the input error corresponding 
to that code—the difference between the actu¬ 
al input that produced the digital code and the 
input that should ideally produce it. The 
scales are in arbitrary units. 


To make this method work, two things are 
needed; the error signatures (or a matrix 
model from which they can be determined) 
and the specific set of test points at which 
the measurements are to be made. 

WHERE TO TEST. Many different sets of seven 
test points will produce seven independent 
equatons, but many more will not. To compl¬ 
icate matters further, there are degrees of 
independence as well. What needs to be 
done is to find the set of test points that is 
maximally independent. Discovering that set 
also makes the process most resistant to the 
corrupting effects of measurement noise. 
QUICK, BUT GOOD. Finding a set of maximally 
independent test points is handled by the op¬ 
timal design of experiments process. For 
large problems, this can be expensive to 
find; however, nearly optimal solutions can 
be rather cheap using a mathematical oper¬ 
ation called QR factorization (QRF). Com¬ 
putationally efficient implementations of the 
QRF operation exist in the public domain 
software called Unpack by the Society of In¬ 
dustrial and Applied Mathematics, Philadel¬ 
phia, and in its friendlier commercial descen- 


Decomposition of response errors 







[2] The error response of a device can be 
decomposed into a weighted sum of error sig¬ 
natures of underlying variables. The error sig¬ 
natures for the analog-to-digital converter ex¬ 
ample are shown at the top, and the 
decomposition of the response errors of Device 
No. 8 of Fig. 1, in terms of those error signa¬ 
tures, is shown on the bottom. The topmost 
plot on the bottom is the response of Device 8; 
the other plots show the error that remains 
after the designated amount of each error sig¬ 
nature is successively subtracted. 



[3] In addition to calculating error signatures 
from a known model, one can develop a model 
empirically—that is, from measurement data. 
In the case shown, based on the measured 
responses of Fig. 1, the empirical vector der¬ 
ived from seven of the devices provides a means 
for describing the behavior of the eighth. 


dants, such as CLAM from Scientific Com¬ 
puting Associates Inc., New Haven, Conn., 
and Matlab from Mathworks Inc., North Na¬ 
tick, Mass. 

Those routines operate on the matrix 
model of a device from simple calls to the 
softvrare package. They return a vector (list) 
of the selected test points and also provide 
information on the degree of independence 
represented by them. From the vector of 
test points, the system of corresponding 
simultaneous equations is known. That small 
system of test points and equations is valid 
for every device that is adequately described 
by the original model. 

A measure of the prediction errors as¬ 
sociated with the selected test points is the 
normalized prediction variance. This can be 
computed ahead of time from the original 
matrix model and the selected test points 
and then evaluated at every candidate test 
point given a set of selected test points. 

A good selection of test points, therefore, 
is one that minimizes the prediction vari¬ 
ance. If that variance is deemed too high 
even with a maximally independent set of 
test points, the error can be further reduced 
by adding more test points so that more 
measurements exist than the number of 
parameters to be estimated. 

Of course, adding those test points will re- 
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suit m an overdetermmed system of equa¬ 
tions (more equations than variables), but 
that can be solved using standard least 
squares techniques. If the additional test 
points again constitute a ‘ ‘good’ ’ selection, 
the prediction variance will be reduced by 
the ratio of the number of test points to the 
number of variables. 

Beating down the noise is not the only ad¬ 
vantage of selecting more than the minimum 
number of test points; the redundancy per¬ 
mits model errors to be detected as well. 
Selecting additional test points enables a 
least squares solution to be found, allowing 
the generation of the residual errors of the 
solution at the measured points. Examina¬ 
tion of those residuals can give a good 
indication of the accuracy of the 
model: a good model will produce 
residuals that are randomly distribut¬ 
ed and have a standard deviation com¬ 
parable to that of the measurement 
noise. 

On the other hand, an inadequate 
model will cause the standard devia¬ 
tion of the residuals to increase, and 
structure to appear in the distribution. 

Once measurements have been 
made at the selected test points, the 
system of seven equations is solved, 
again using standard matrix software 
routines. The solution gives the ac¬ 
tual values of the seven variables for the 
specific device that was tested. 

Referring back to the fictitious ADC ex¬ 
ample, the entire behavior of the converter 
at all of the 128 candidate test points is then 
easy to predict: the seven error signatures 
are simply weighted by the corresponding 
values from the solution, and then summed 
together. The result is the behavior for all 
test conditions, including the few that were 
actually measured, and the many that were 
not. For a 13-bit converter, the savings could 
be even greater, as will be seen later. 
MODELING. Of course, the success of the 
method depends critically on the quality of 


the model. So far, it has been assumed that 
the error signatures for the converters were 
known. How they are to be determined, and 
how accurate they must be, are the next 
questions to be addressed. 

In mathematical form, the model really 
represents the sensitivity of the converter’s 
behavior, at each test condition, to an ap¬ 
propriate set of underlying variables. The 
variables determine the degrees of freedom 
available to the devices—the specific ways 
in which individual units can deviate from 
their nominal, or ideal, behavior. In some 
cases, the variables are known from the de¬ 
sign and correspond to conventional model¬ 
ing parameters. 


Be aware that 
with device 
complexity, 
model accuracy 
degrades 


For example, if an accurate equivalent cir¬ 
cuit is known, the error model can be com¬ 
puted as the partial derivatives, or sensitiv¬ 
ities, of the output response of the circuit 
with respect to the component parameters, 
evaluated at their nominal values. (That cor¬ 
responds to a first-order Taylor expansion 
of the circuit’s response.) Versions of pub¬ 
lic domain as well as commercial software 
are currently available for computing such 
sensitivity matrices. The well-known circuit 
analysis program Spice 3C, for example, has 
that capability. 

Models derived in that maimer are called 
physical, sensitivity-based models. Their 
primary virtue is the direct cor¬ 
respondence between the model 
variables and measurable phys¬ 
ical parameters, such as resis¬ 
tance, capacitance, transistor 
transconductance, and open- 
loop gain. 

But physical modeling is not 
without problems. As devices 
get more complex, model ac¬ 
curacy tends to degrade and the 
computational burden increases. 
All too often, adequate model¬ 
ing and computer-aided design 
(CAD) tools seem to lag behind 
the technology that requires 
them. In some cases, detailed 
design knowledge of the device 
may simply not be available to 
The pomr of high-throughput test systems such as Teradyne test e^rieer. In o±ers, a 

Inc. ’s A500 can be increased manyfold by the application Taylor ^ans.on may 

of modeling techniques for designing test procedures. 



a strongly nonlinear dependence on its com¬ 
ponents, as in testing the frequency re¬ 
sponse of a multi-pole filter, for example. 
EMPIRICISM. For such situations, other 
modeling techniques are available. Empiri¬ 
cal learning-based modeling, in particular, 
is especially attractive for perfor¬ 
mance-testing applications like the ADC ex¬ 
ample. It requires no detailed design knowl¬ 
edge of the device, nor is it strictly limited 
to linear dependence upon the variables. 

In empirical modeling, the models come 
from the devices themselves. For that rea¬ 
son, they are immune to the sorts of errors 
that can arise from an imperfect understand¬ 
ing of the workings of a device. After all, 
_ what could better express the proc¬ 
ess variability of a series of widgets 
coming off a production line than the 
behavior of the widgets themselves. 

If empirical modeling is applied to 
the converter example and a sample 
of the devices is fully tested—and all 
test points examined —the responses 
of the various devices will vary some¬ 
what. This is because the values of 
the underlying variables differ from 
unit to unit. (If that were not true, 
testing would be unnecessary.) 

Assuming a stable manufacturing 
process, a reasonable statistical sam¬ 
pling of devices will embody all the 
degrees of freedom that the process allows. 
Using the same QRF routine employed in 
selecting test points, a subset is chosen of 
response vectors that are linearly indepen¬ 
dent. The new matrix composed of this sub¬ 
set will itself be a complete model useful for 
accurate predictions. 

Mathematically speaking, the new matrix 
spans the space of possible responses, but 
these in turn are constrained by the variables 
of the manufacturing process. Figure 3 illus¬ 
trates how the first seven of the response 
vectors of Fig. 1 also make up a model that 
fully describes the response of the other 
devices (in this case, the eighth) from the 
production run. 

The empirical approach not only 
eliminates the need for detailed design 
knowledge of the device under test, but also 
minimizes the number of variables required. 
For example, the error signatures of many 
components of a device will be negligibly 
small and therefore need not be considered. 
Other components may have signatures that 
are identical to each oAer, such as the com¬ 
ponents of cascaded gain stages. And still 
others can have error signatures that are 
different but always track each other. 

That last circumstance is common in ICs. 
A single processing variable, such as dop¬ 
ant level or exposure time during metaliza- 
tion, affects many of the components equal¬ 
ly, causing them all to vary in fixed 
proportion. 

MIX AND MATCH. Interestingly, it is not only 
possible, but often desirable; to combine the 
physical and empirical modeling approaches 
and benefit from the best features of each. 
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Perhaps that is best accomplished by start¬ 
ing with the physical parameters that are 
known to be important and are perhaps trim- 
mable. It is often rather simple to compute 
the sensitivity to those parameters, even 
when the overall circuit is unknown. 

Next, the sensitivity matrix of the physi¬ 
cal model is augmented with empiric^ vec¬ 
tors. The result will be a model that can be 
useful, not only for making accurate predic¬ 
tions, but also for estimating the actual 
values of critical parameters, which can then 
be trimmed to achieve compliance. 

One trial NIST testing program performed 
in collaboration with Teradyne Inc., a 
manufacturer of automatic test equipment 
for the analog and mbced-signal IC industry, 
combined QR factorization and physical plus 
empirical modeling. The test was applied to 
the measurement of integral nonlinearity 
(INL) for a batch of 127 commercial 13-bit 
ADCs, all of the same model type. As indi¬ 
cated in our earlier example, the common 
industry practice for determining the INL of 
an ADC is exhaustive testing—measuring 
each of the possible code states to determine 
the largest error. Even using the fastest 
available test equipment, that practice adds 
US $1 or more to the cost of a part that typi¬ 
cally sells for only $15. No wonder the in¬ 
dustry is looking for a less expensive test¬ 
ing methodology. 

For the NIST-Teradyne study, an 18- 
parameter model of the 13-bit ADC was de¬ 
veloped using a combination of physical and 
empirical modeling techniques. The empir¬ 
ical modeling was based on exhaustive test 
data obtained from the first 50 devices, 
which revealed that an 18-vector model 
sufficed to represent the error space with 
suitable accuracy. Using that model, 18 test 
points were chosen, and 46 others were 
added to obtain redundancy—a total of 64 
test points. 

IT WORKS! Measurements at only those 64 
(out of a possible 8192) test points were used 
to predict the overall response of each of the 
remaining 77 devices. To evaluate the suc¬ 
cess of the method, the predictions were 
compared with the results obtained from ex¬ 
haustive testing [Fig. 4]. The root-mean- 
square value of the differences was 0.024 
least-significant bit (0.0003 percent of full 
scale), where one LSB is 2 “ (0.012 percent 
of full scale). 

Converters such as these are typically 
sorted according to their maximum INL. 
The error in predicting that for the 77 
devices was also computed [Fig. 5]. (A posi¬ 
tive error indicates the predicted maximum 
is smaller than the measured maximum.) 
For comparison, the effective noise level in 
the measurement process obtained by tak¬ 
ing the standard deviation of repeated meas¬ 
urements of the same device, vras 0.02 LSB. 

Since the standard deviation of the predic¬ 
tions is not much greater than that of the 
measurements, and both are very small, the 
sorting error rate based on the limited, 64- 
point test would be similar to that achieved 





[4] Modeling works, as 
these results for a single 
analog-to-digital convert¬ 
er make clear. The top plot 
shows the integral non¬ 
linearity measured at the 
64 selected codes. The 
middle plot gives the 
predicted errors at all 8192 
codes based on the 64 
measurements, while the 
bottom plot gives the error 
in the predictions—the 
difference between the 
measured errors and the 
predicted errors at all 
codes. Vertical scales are 
in least-significant bits. 


Test result summary for 77 devices 
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[5] The value of the new 
approach is best illustrat¬ 
ed by this histogram, 
which illustrates the differ¬ 
ences between the meas¬ 
ured and predicted maxi¬ 
mum integral nonlinearity 
for the 77 devices tested. 
For comparison, the stan¬ 
dard deviation of the 
measurement process—the 
repeatability of each 
measurement—is 0.02 
least-significant bit. 


Error in prediction, LSBs 


using conventional all-codes testing involv¬ 
ing 8192 measurements. With an array pro¬ 
cessor to speed up the computations, the 
computational overhead can be kept below 
1 second per device. So the test time, which 
is reduced by a factor of 128, becomes 
negligible. 

TO PROBE FURTHER. Various facets of analog 
and mbced-signal testing strategy have been 
discussed by the authors and their col¬ 
leagues. Good surveys of the work are: G.N. 
Stenbakken and T.M. Souders, ‘‘Test Point 
Selection and Testability Measures Via QR 
Factorization of Linear Models,” IEEE 
Transactions on Instrumentation and Meas¬ 
urement, Vol. IM-36, No. 2, June 1987; and 
T. M. Souders and G. N. Stenbakken, ‘‘A 
Comprehensive Approach for Modeling and 
Testing Analog and Mixed-Signal Devices, ’ ’ 
in the 1990 Proceedings of the International 
Test Conference, IEEE Computer Society 
Press, Los Alamitos, Calif., September 
1990. 

A three-day workshop is being offered on 
April 2-4 at the National Institute of Stan¬ 
dards and Technology (NIST), Gaithersburg, 
Md., to provide more in-depth training in the 


techniques discussed in this article. For 
more iiiformation, call NIST, 301-975-2406. 
ABOUT THE AUTHORS. T. Michael Souders 
(SM) is a career employee of the National 
Institute of Standards and Technology 
(NIST), Gaithersburg, Md., where he is 
concerned with efficient testing strategies 
for complex systems, among other activities. 
Souders has a B.S. in physics from the Johns 
Hopkins University, Baltimore, Md. 

(jerard N. Stenbakken (M) has been with 
NIST for 21 years. He is currently working 
on test strategies for complex electronic sys¬ 
tems and the design of ivideband, high- 
accuracy sampling wattmeters. He has a B.S. 
in physics from the University of Minneso¬ 
ta in Minneapolis and an M.S. in electrical 
engineering from the University of Mary¬ 
land, College Park. 

Certain commercial products are identified in this 
article to illustrate the experimental procedure. In 
no case does such identification imply recommen¬ 
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PERIPHERALS 


Anatomy of an X terminal 


Based on a client/server 
model, an open, vendor- 
independent standard 
offers much flexibility 
on a local-area network 

Not too long ago, a soft¬ 
ware engineer working on 
a complex project (such as 
a device driver or a high- 
level application) had to 
switch among different 
editing sessions to access 
all the files needed. This 
information resided on different hosts con¬ 
nected in some type of network and was 
generally displayed on a character-cell- 
based ASCII terminal. 

That setup is giving way to an environ¬ 
ment in which several computer resources 
can be called up concurrently over an open, 
distributed network that embraces an entire 
enterprise. The X Window System is an 
open, vendor-neutral standard based on the 
client/server model. This model permits 
physically independent application pro¬ 
cessing and display processing, communicat¬ 
ing over a local-area network by means of 
a well-defined set of graphics commands that 
comprise the X protocol. 

X terminals’ Graphical User Interface 
(GUI) [Fig. 1] improves significantly on the 
ASCII terminal interface. While ASCII ter¬ 
minals usually support only one character 
font and only one or two windows per dis¬ 
play, X terminals can support any number 
of windows with any type of font or window 
size. Also, the X terminals’ bit-mapped 
screen allows the apphcation to display all 
sorts of data formats (text, images, draw¬ 
ings, and so on) simultaneously, enhancing 
the user’s productivity. Finally, since X ter¬ 
minals are diskless, the user does not have 
to serve as a system administrator; yet the 
human interface is such that the user feels 
as if he or she is working at a very powerful 
workstation. 

In fact, in hardware terms, an X terminal 
is like a workstation that is diskless; it there¬ 
fore lacks such features as high-speed disk 
controllers, large caches, and memory 
management units that are needed in work- 
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stations with disk storage. The focus is in¬ 
stead on network communications, graph¬ 
ics performance, and graphical user inter¬ 
face enhancements, and the end result might 
be viewed as an ‘ ‘application-specific work¬ 
station, ” in the sense that its hardware and 
software are optimized for running the X 
protocol. 

Because of this dedication, X terminals 
are generally 40-50 percent more cost- 
effective than workstations for running X. 
For example, the IPC color workstation from 
Sun Microsystems Inc., Mountain View, 
Calif., clearly a cost-effective Unix worksta¬ 
tion, retails for US $8995, while NCR 
Corp. ’s XI^17c X terminal retails for $4470. 
Similarly, Sun’s XLC monochrome worksta¬ 
tion retdls for $4995, while the 15b unit from 
Network Computing Devices Inc., Mountain 
View, Calif., is sold for under $1600. 
HUMAN FACTORS. Many factors affecting the 
human interface are considered in the de¬ 
sign of an X terminal. The display monitor 
should limit eyestrain. The monitor’s foot¬ 
print determines how the unit can be posi¬ 
tioned in the work environment. The key¬ 
board and mouse should feel comfortable to 
the touch. The goal is to make an X termi¬ 
nal easy to use for extended periods of time. 

The design of the display monitor should 
above all minimize visud fatigue. The aver¬ 
age human eye detects noticeable flicker at 
a frequency of 60 hertz, so a vertical refresh 
rate of greater than 70 Hz is recommend¬ 
ed. In the past, a 60-Hz vertical refresh rate 
was used to achieve a frequency which 
would minimize aliasing. However, 60 Hz 
still registers as flicker on most people’s 
peripheral vision (look away from the cen¬ 
ter of a monitor at about a 30-degree angle, 
and the screen will seem to flicker to a de¬ 
gree that depends on the persistence of the 
phosphor it uses and the age of the viewer). 

Pincushion distortion and lack of focus 
quality can strain the eyes also. Although 
pincushioning is most noticeable as a bulg¬ 
ing at the sides or top and bottom of a screen 
(making it look like a pincushion), it distorts 
everything displayed. Focus quality should 
be judged across the entire display; a poor- 
quality monitor may be in focus in the cen¬ 
ter, but not on the edges or comers. The 
eyes’ attempt to compensate for distortion 
and poor focus tends to strain them. 

O&er ergonomic factors that enhance a 
user interface are overall display resolution 
and display size. As resolution increases, so 
does the amount of information an operator 
can view simultaneously. If the resolution is 
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held constant, increasing the display size 
makes text appear larger by decreasing the 
dot-per-inch density, which may be desira¬ 
ble to some users. 

Generally, X terminals come in two cabi¬ 
net styles, with the logic unit either integrat¬ 
ed with the monitor or resident in a sepa¬ 
rate base, which in most cases can support 
the monitor. There are advantages and dis¬ 
advantages with each cabinet style. With a 
modular cabinet, an X terminal vendor may 
let the user choose the monitor he or she 
prefers, or even use a monitor that he or she 
already has. A modular cabinet may also be 
placed in an out-of-the-way location, such 
as under a desk. On the other hand, an in¬ 
tegrated cabinet generally provides a lower- 
cost solution (compared to a modular cabi¬ 
net unit and monitor of the same size and 
resolution) because it can use dc power from 
the monitor rather than requiring its own 
power supply. 

COMMUNICATIONS. Since the X Window Sys¬ 
tem protocol is implemented for a cli¬ 
ent/server architecture, a great deal of data 
often travels between the client (typically 
running on the host) and the server (typi¬ 
cally running on the X terminal). Because 
of the interactive nature of the X terminal 
application and the volume of traffic that 
must move between the two machines, 
traditional RS-232C style communication is 
not always good enough for the X protocol. 

RS-232C serves today’s ASCII terminal, 
which some see being replaced by the X ter¬ 
minal. After all, like an ASCII terminal, an 
X terminal can be designed to receive 
VTIOO, VT220, and/or 3270 style commands 
from a host using a non-X Teletype-network 
mode and port. However, in X mode, the 



Content-addressable memory (CAM): also known 
as associative memory, a memory with compara¬ 
tors on each cell to allow a parallel comparison of 
the Input data with all the memory contents. 
PoM-lo-potait protocol (PPP): a variation of the serial 
line Internet protocol (which see) that minimizes the 
amount of data sent by removing redundant pro¬ 
tocol Information from sequential data packets. 
Serial line Internet pretecol (SLIP): a variation of 
Ethernet’s TCP/IP (short for transmission control pro¬ 
tocol/Internet protocol) used In X terminals to let 
them transmit data packets and access several hosts 
through an RS-232C serial communication line. 
Simple networb management protocol (SNMP): an 
application-level protocol that allows logically remote 
users to Inspect and alter network-management 
variables. 
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terminal must in addition be able to pass bit¬ 
mapped images,, window management com¬ 
mands, and pointer information between the 
server and the client using the X protocol. 

X terminal vendors approach the RS-232C 
scenario differently. Some design the termi¬ 
nal as if it had to rely solely on RS-232C as 
the communication link and therefore reduce 
traffic between the host and the terminal. 
These vendors accordingly split the server 
software—the X server—to run on the host 
and on the terminal [Fig. 2], a redistribution 
of terminal resources that also lowers ter¬ 
minal cost. Then, by using data compression 
and a proprietary protocol, they reduce traf¬ 
fic over the serial link enough to get accept¬ 
able performance for some applications 
using a 19.2-kilobaud, or faster, link. The 
major drawback of this architecture is that 
vendor-specific software must be ported to 
each X terminal’s host, since a nonstandard 
protocol, rather than the standard X pro¬ 
tocol, is traveling the link. 

Since X Windows demands support for 
multiple simultaneous windows, vendors of 
RS-232C-based X terminals implement in¬ 
ternet style protocols such as TtP/IP over 
SLIP [see Defining Terms]. Two or more 
hosts may then communicate with a single 
terminal, but at 19.2 kBd the performance 
is quite poor. 

A higher-performing protocol that is be¬ 
coming popular among RS-232C users is 
PPP. Point-to-point protocol, to spell it out, 
reduces the amount of information transmit¬ 
ted by ‘ ‘compressing’ ’ the TCP and IP head¬ 
er information, making a 19.2-kBd system 
quite usable. Few hosts currently support 
this protocol, though. 

Other vendors provide RS-232C in addi¬ 
tion to some preferred high-speed network 
link, but the RS-232C port is not used for 
the X protocol. Thus, an RS-232C printer 
can also be connected to the terminal for 
local screen dumps or to provide printing 
services to other local-area network (LAN) 
users. Also, since an ASCII terminal is often 
required for workstation consoles, the RS- 
232C port can be used to provide a “con¬ 
sole window” on the X terminal display. 

Most of the first-generation X terminals 
used 8- or 16-bit controllers as part of their 
Ethernet interface. The interface chip sets 
usually consisted of three components—a 
controller, a Manchester encoder/decoder, 
and a transceiver. Second-generation X ter¬ 
minals are employing 32-bit Ethernet con¬ 
trollers that not only have a wider data path, 
but are available with the Manchester en¬ 
coder and, possibly, the transceiver and 
other discrete components on a single sub¬ 
strate. This reduces the component count, 
board space, and power consumption. The 
designers of 32-bit Ethernet controllers have 
also reduced the amount of intervention 
necessary for the system processor to han¬ 
dle Ethernet traffic. 

The network management capability of 
the parts has also been enhanced. Much of 
the information that is vital to network 


management protocols, such as the simple 
network management protocol (SNMP), is 
now directly available from the Ethernet 
hardware. In the past, most of this informa¬ 
tion had to be tracked in software. Content- 
addressable memory is also beginning to be 
offered for applications where high-speed 
broadcasting to select network nodes (multi¬ 
casting) is important, as on DECnet. 
GROUNDING IN GRAPHICS. Graphics depends 
heavily on memory architecture. For an idea 
of its importance, consider how X terminals 
display information—in a bit-mapped fash¬ 
ion on a cathode-ray tube. 

A typical display consists of 1024 horizon¬ 
tal picture elements (or pixels) by 800 ver¬ 
tical elements, or approximately 800 000 
pixels. All the pkels need to be re-displayed 
70 times per second. 

For every pbcel location on the screen, 
there is a bit or set of bits in memory: 1 bit 


for a monochrome display, anywhere from 
4 to 8 bits for color. Grayscale displays re¬ 
quire 2 to 4 bits to support 4 or 16 levels, 
respectively, of gray tones ranging from 
black to white. The display information is 
stored in an area of memory that is called 
the frame buffer because the data for the 
next screen to be displayed is stored in it 
while the current frame is displayed. 

To implement a frame buffer in hardware, 
the most cost-effective approach (especial¬ 
ly for monochrome systems) is to use a sec¬ 
tion of the terminal’s main memory as a buff¬ 
er and periodically copy its contents into a 
256-bit serializer. The serializer outputs the 
pixel stream serially at the pbcel scanning 
frequency. 


There is one major drawback, however. 
Since standard dynamic RAMs (DRAMs) 
have only one access port, a certain percent¬ 
age of bus time must be used for loading the 
serializer, preventing the system processor 
from updating the frame buffer. This might 
not hamper single-bit-per-pixel mono¬ 
chrome displays or systems with big write- 
through caches, but it becomes prohibitive 
in multibit-per-pbcel systems [Fig. 3]. 

Today’s most popular frame buffer im¬ 
plementation uses a fairly recent iimovation 
in memory chip design called video memo¬ 
ry, or VRAM. In addition to a DRAM, a 
VRAM contains an «-bit-long shift register 
that can be loaded in parallel from the 
dram’s n sense amplifiers and output data 
through its own serial output port—hence 
the other name for this type of memory, 
dual-ported RAM. This data can be shifted 
out of the register without using the random 


access port or taking up bus bandwidth. The 
shift register in the V^M is used as a seri¬ 
alizer to refresh the display. When it emp¬ 
ties, the processor performs a transfer cycle 
and reloads the shift register with new 
data—the only overhead for VRAMs. 

Since the VRAM allows the processor to 
utilize the random access port more effi¬ 
ciently, it provides faster graphics perfor¬ 
mance. However, this added performance 
is not free. For the same memory density, 
prices of VRAMs are about twice as high as 
for DRAMs. Still, for color and gray-scale 
applications, VRAMs make the most sense. 

Another important use of memory X 
terminals is for look-up tables. For displays, 
a look-up table can be thought of as a way 



[1] X terminals’ ability to handle multiple windows and mouse commands calls for more 
elaborate hardware than was needed by their predecessor, the ASCII computer terminal. 
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of mapping a set of predefined values to 
different domains having either a different 
number of elements or more information 
content. Its most common application is to 
increase the number of displayable colors 
without increasing the number of bits per 
pixel. 

A color display with n bits per pixel that 
does not use a look-up table can display only 
2" colors at a given time. The n bits select 
a value for the red, green, and blue compo¬ 
nents of each pixel in the color display, 
maybe m/3 bits for each of the three 
electron-beam colors (red, blue, and green). 
For instance, a 6-bit-per-pixel display could 
assign 2 bits to each of the three color ele¬ 
ments, which would result in a range of four 
shades per color element. In combination, 
the four shades per element result in 64 pos¬ 
sible colors. 

The use of a look-up table, however, 
yields a larger range of combinations. The 
table employs the number represented by 
all M bits as an index to a table of values m 
bits wide. The total number of colors is now 
a function of m and not n. That is, any 2” 
subset of 2" colors can be displayed. For 
example, a 16-bit-wide look-up table can 
contain what is commonly referred to as a 


color palette of over 64 000 colors. At 6 bits 
per pixel, 64 colors can be selected from the 
palette and displayed on screen at any 
instant. 

CURSORY NOTES. The X terminal GUI speci¬ 
fies a cursor block directly controlled by the 
mouse. Since multiple windows can reside 
in the same display, the cursor is used as a 
pointing device to the window being worked 
on. The simplest way of implementing the 
cursor block is for it to be painted on the 
screen by the display processor when the 
electron beam reaches the right scan line, 
and then removed after the beam has 
passed. One way of implementing this would 
be to have a timer interrupt the processor 
before and after the electron beam passes 
through the cursor area. For example, Texas 
Instruments Inc., Dallas, builds this inter¬ 
rupt feature into its TMS34010 and 
TMS34020 ^phics processors. 

When the interrupt is sensed, the display 
processor performs a block transfer of the 
cursor information into and out of the dis¬ 
play area—to the detriment of the terminal’s 
overall graphics performance, however. 

An alternative is to implement the cursor 
completely or partially in hardware, unbur¬ 
dening the processor and resulting in bet¬ 


ter overall performance. Thus some color 
X terminals drive their displays with a video 
controller and color palette combination that 
have, or make it possible to add, cursor 
logic. For example, the Bt459 from Brook- 
tree Corp. in San Diego, Calif., provides a 
64 X 64 cursor block. Some other of the 
RAM-plus-digital-to-analog-converter 
devices like the Bt458 provide several over¬ 
lay inputs to help implement a cursor block 
externally. All of these devices have built- 
in look-up tables that modify the display in¬ 
formation when the cursor block is being dis¬ 
played. 

OPTIMIZED DRAWING. To achieve the best per¬ 
formance possible in X terminals, vendors 
will spend time optimizing drawing opera¬ 
tions as well as the upper layers of the X 
server. Hardware may be used to support 
the lowest level of graphics primitives, with 
lengthy operations (such as primitives that 
move windows) being prime candidates for 
optimization. Hardware interfaces that work 
in conjunction with the microprocessor dur¬ 
ing the drawing operations are used by some 
vendors like Network Computing Devices 
and Datacube Inc. in Peabody, Mass. Other 
vendors, like IBM Corp., Hewlett-Packard 
Co., and NCR Corp., use dual processors 
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to split the workload of rendering, X serv¬ 
er, and communications overhead. Both 
methods have advantages. 

Some X terminals use graphics assist 
methods to boost the performance of draw¬ 
ing operations such as a bit block transfer, 
also Imown as bitblt. A bitblt can be defined 
as a logical operation performed on bit-wise 
boundaries between source and destination 
regions: an example is the movement of a 
window from one position to another on the 
screen. 

The graphics assist logic is an interface to 
the frame buffer and system memory. This 
interface—which handles barrel shifting for 
bit alignment, concatenation of data, and pre¬ 
programmed logical operations— ‘ ‘assists’ ’ 
the processor by letting it act merely as a 
two-dimensional direct-memory-access con¬ 
troller for the graphics assist interface. This 
can double the inner loop performance of the 
bitblt operation. 

Some X terminals in the market today 
have two processors—a system CPU and a 
graphics processor—with which a 
certain level of parallelism can be 
achieved. For instance, in one ap- 
proach, the system processor sup- 
ports the communications and han- 
dies system interrupts, while the 
graphics processor runs the X serv- 
er and handles the drawing opera- 
tions. Some parallelism occurs here 
because the CPU can process TCP/IP 
packets for future operations while 
the X server rurming on the graphics 
processor finishes past operations. 

Other vendors make the system 
processor responsible for communi- 
cations and the top layers of the X 
server (where event handling and region 
clipping is performed), passing only draw¬ 
ing commands to the graphics processor. 
Parallelism can occur here because the X 
server can process several commands while 
the graphics processor is drawing previous 
operations. 

As an example of how parallelism can be 
used in multiple-processor X terminals, sup¬ 
pose an engineer is running a computer- 
aided design (CAD) application and a series 
of lines and text representing a schematic 
is displayed. The application displays a but¬ 
ton labeled ‘ ‘redraw. ’ ’ When the button is 
‘ ‘pressed’ ’ (by using the mouse), the follow¬ 
ing events may occur: 

• The button press is processed and passed 
to the application. 

• The application recognizes the event by 
highlighting the button. 

• It clears the CAD drawing area. 

• It recreates a list of graphics primitives to 
redraw. 

• It sends the list to the X terminal. 

• It unhighlights the redraw button. 

Here, the first event is initiated by the X 
server, while the others are initiated by the 
CAD application on the host. 

The fifth event gives the best example of 
how parallelism can be used. As the list of 


graphics primitives arrives at the X termi¬ 
nal (in one or more packets), the portion of 
the X server miming on the system pro¬ 
cessor can clip the primitives and place them 
one by one into a drawing queue. While the 
system processor builds this queue, the 
graphics processor can asynchronously draw 
the screen using the commands taken from 
the queue. Obviously, parallelism can signifi¬ 
cantly improve X terminal performance. 
RAHNG PERFORMANCE. Cmcial here is the ter¬ 
minal’s response time; a user does not want 
to sit in front of a terminal for 5 seconds wait¬ 
ing for a page to be painted or a Unk ses¬ 
sion to start. Total response time is affect¬ 
ed by network bandwidth and utilization, 
host performance and loading, X server im¬ 
plementation, and graphics rendering per¬ 
formance. 

There have been a few attempts at rating 
terminal performance. The most popular is 
a test suite developed by Claus Gittinger 
from Siemens GmbH, headquartered in 
Munich. This benchmark, commonly known 


Present tests 
of X terminals 
don’t measure 
true performance 


as Xbench, has the host send a set of graph¬ 
ics commands to the terminal, and measures 
the time the terminal takes to complete the 
commands. The tests cover the six most 
common operations: line drawing, rectangle 
drawing, bitblts, arcs, text rendering, and 
complex operations. The output of this 
benchmark has three forms: absolute per¬ 
formance data from the individual tests, 
statistics and relative performance data for 
each test subgroup, and a weighted average 
of relative performance named ‘ ‘xstones. ’ ’ 
All the relative performance ratings are 
based on a direct comparison with the per¬ 
formance of a SUN 3/50 workstation running 
the X11.3 version of X under OS 3.4. 

Another performance bench mark is XU 
perf. Made up of 166 tests, it is more com¬ 
prehensive than X bench but does not give 
a single rating. 

These tests provide a good measure of the 
X terminal’s graphics performance. Howev¬ 
er, they fail to measure the overall response 
time of the terminal; that is, the delay from 
the time a user causes an asynchronous 
event (by depressing a mouse button, say, 
or moving a window across the screen) to 
the time the proper response occurs at the 
terminal. There are no widely accepted 
benchmarks for this purpose and, until they 


arrive, X terminal performance evaluations 
are limited to the graphics component, per¬ 
haps the largest piece of the pie. 

MARKET POTENTIAL. X terminals have been 
bought primarily for engineering design en¬ 
vironment applications, such as CAD and 
computer aided engineering, where they 
have served as display devices with a lower 
cost per seat than traditional Unbc worksta¬ 
tions. Another market that has begun to mi¬ 
grate to X terminals has been manufactur¬ 
ing, with applications such as process 
control, which requires high-resolution 
displays. 

X terminals have also been used to en¬ 
hance material requirement planning appli¬ 
cations by enabling the user to view midti- 
ple text modules from different hosts 
concurrently and to ‘ ‘copy and paste” among 
these modules. A number of markets requir¬ 
ing customer servicing applications—such as 
utilities, airlines, and freight forwarding- 
are implementing X terminal environments 
for concurrent viewing of different customer 

I database records. 

As X terminals achieve new price 
performance plateaus, the market is 
expected to expand to more business 
applications requiring the network 
connectivity and multiple viewing of 
applications that X offers [Table]. 

TO PRORE FURTHER. A good source on 
most issues on computer graphics 
hardware design is Computer Graph¬ 
ics Hardware: Image Generation and 
Display by Hassam K. Reghbati and 
Anson Lee (IEEE Computer Socie¬ 
ty Press, Washington, D.C., 1988). 
Fundamentals of Interactive Com¬ 
puter Graphics by J. D. Foley and A. 
Van Dam (Addison-Wesley, 1982) gives a 
more general overview of technologies in¬ 
volved in graphics rendering. Another im¬ 
portant reference work, now in its second 
edition (1990) from Digital Press, Bedford, 
Mass., is X Window System by Robert Schei- 
fler and Jim Gettys (who originally proposed 
the X Window System). 

For a detailed understanding of the X Win¬ 
dow System, O’Reilly & Associates Inc. 
offers a nine-volume series called The 
Definitive Guides to the X Window System, 
now in its second edition (Sebastopol, Calif., 
September 1990). 
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SYSTEMS RELIABILITY 


When bust is best 


Wrecking balls, shaker 
tables, fires, winches—all 
prove indispensable in the 
fine art of proving equip¬ 
ment by destroying it 

One sunny afternoon in 
Chester, N.J., several 
AT&T Bell Laboratories en¬ 
gineers installed a commu¬ 
nity service cabinet full of 
electronic communications 
equipment in a vacant lot, 
scattered two bales of dry 
hay around it, and set the hay on fire. They 
watched as the flames leaped high, black¬ 
ening the beige finish. But the heat did not 
melt the solder in the electronics inside, nor 
did smoke harm them, nor was there any in¬ 
terruption in the simulated telephone ser¬ 
vice transmitted through the cabinet. 

Such arson can be part of the destructive 
testing programs such as those at AT&T Co., 
Bell Communications Research Inc. (Bell¬ 
core), the Electric Power Research 
Institute (EPRI), and various 
laboratories, where engineers “try 
to find out what’s wrong with new 
equipment before their customers 
do,” remarked Dan Pbpe, supervi¬ 
sor of AT&T Bell Laboratories’ 

Chester operations. Such labs are 
‘ ‘a halfway house between the en¬ 
gineer’s mind and the real world. ’ ’ 
Destructive testing falls into two 
basic, although somewhat overlap¬ 
ping, categories. The first is limit 
testing to the equipment’s failure 
point, to ascertain safety margins 
and the most extreme conditions under 
which it will perform its basic functions. The 
other is environmental testing under real-life 
conditions, to see how reliably the equip¬ 
ment can withstand the rough handling of 
transportation, installation, and operation. 
At times, destructive testing is also used to 
duplicate the conditions of past accidents, to 
learn how future ones can be avoided. And 
some testing—including some environmen¬ 
tal testing—may not specifically intend to be 
destructive but just happens to reveal flaws 
when the equipment breaks. 

Although environmental stress screening 

Trudy E. Bell Senior Editor 


for electronic devices and consumer 
products is well known, it may be surpris¬ 
ing to some to discover that all parts of trans¬ 
mission and switching systems go through 
similar rigors. In fact, whether it is a circuit 
board or a 70-meter-high transmission 
tower, the same testing philosophy applies. 
In addition, many development and test en¬ 
gineers are convinced that, even though the 
results of the tests often end up in the dump¬ 
ster, destructive testing is ultimately cheap¬ 
er than computer simulations—because it 
more accurately reflects reality. 
STANDARDS FOR ADUSE. Next door to AT&T’s 
Chester destructive testing facility is Bell¬ 
core’s. Their proximity is a result of the 
divestiture of the Bell System in 1984, which 
split the original 400-acre (160-hectare) 
Chester facility down the middle. 

Destructive testing helps Bellcore in one 
of its prime roles: preparing and proposing 
generic requirements for the physical pro¬ 
tection of communications equipment 
against the ravages of changing temperature, 
humidity, contamination, electrostatic dis¬ 
charge, fire, earthquake, lightning, and other 
factors, said Conrad Spring, the laboratory’s 


division manager of network physical pro¬ 
tection at Chester. Also, when one or more 
Bellcore owners—the seven regional hold¬ 
ing companies responsible for local tele¬ 
phone service—show an interest in vendors’ 
or suppliers’ equipment, Bellcore will ana¬ 
lyze it to see whether it complies with the 
generic requirements. 

Chiefly, Spring told IEEE Spectrum, Bell¬ 
core’s relevant generic requirements for 
physical protection are described in “one 
fundamental document”: Bellcore’s Techni¬ 
cal Reference 63 (TR63): Network Equip¬ 
ment Building System Generic Equipment 
Requirements, or NEBS Requirements for 
short. To a lesser extent. Spring added. 


manufacturers and communications 
providers also use envirorunental require¬ 
ments outlined by various standards groups, 
such as the 'll telecommunications commit¬ 
tee of the American National Standards In¬ 
stitute (ANSI), New York City. 

For example, several standards for fire re¬ 
sistance have been devised by IEEE Com¬ 
mittee 383 and the American Society for 
Testing Materials Committee E5, said Bell¬ 
core’s John Simpson, district manager for 
fire protection technology and environmental 
control in Morristown, N.J. One of the ANSI 
H subgroups, T1Y1.4, is currently working 
on fire-protection standards for assemblies 
of equipment—literally a burning issue in 
telecommunications since the Bell System 
divestiture admitted new vendors. 

Bellcore also uses destructive testing to 
model and analyze past central office fires, 
such as the 1988 Hinsdale fire in Chicago or 
the 1975 fire on New York City’s Lower East 
Side. For example, they ran tests simulat¬ 
ing the arcing between power cables, and 
then compared the rate of ignition and fire 
spread in older cable that did not satisfy 
TR63 with what happened in newer cable 
that did. Spring said. The tests 
“verified in the most seeing-is- 
believing way that if the materials 
meet the TR63 requirements, you 
don’t get the ease of ignition and ex¬ 
tent of fire spread’ ’ that results from 
using nonconforming cable. Spring 
said. 

Such tests are monitored by 
videotape recordings and expert 
visual observations, as well as ther¬ 
mocouples to measure heat, pho¬ 
toelectric cells to measure smoke 
obscuration, and ionization detec¬ 
tors to measure the capacity of the 
smoke to activate alarms. 

HORNETS AND PAINT. Bellcore also uses de¬ 
structive testing to diagnose peculiar prob¬ 
lems in the network. Several were in¬ 
troduced, for example, by the substitution 
of less expensive plastics for expensive 
metals. 

One problem was the cracking of the plas¬ 
tic network interface device boxes (inst^ed 
on the outer wall of a building where the out¬ 
side network connects with the customer’s 
inside wiring). The plastic boxes were 
designed to be rain- and dust-proof, immune 
to the sun’s ultraviolet radiation, and even 
resistant to impact. But crack they did, let¬ 
ting in moisture that shorted connections. 



Through destructive 
testing you sacrifice 
equipment for reliable 
information 
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The cause of the cracking turned out to 
be chemical. So that hornets do not launch 
surprise attacks from within a box, main¬ 
tenance technicians routinely spray the in¬ 
terior with insecticide before beginning 
work, explained Donald C. Pote, Bellcore’s 
division manager, apparatus and materials 
requirements and ai^yses and quality tech¬ 
nology, Morristown, N.J. And many of the 
commercial insecticides applied eventually 
cracked or distorted the plastics. In addition, 
customers painting their buildings would 
paint the boxes as well, and some of the 
paints also attacked the plastic. As a result 
of various environmental tests, Bellcore de¬ 
vised requirements for cabinets to be made 
of plastics that resisted common chemicals. 
HRE AND ICE. At AT&T’s Chester facility next 
to Bellcore’s, engineers “throw equipment 
in boxes off the back of moving trucks, shoot 
at cabinets, drive trucks over cables, blow 
dust at electronics, and leave cardboard 
boxes fuU of equipment out in the ice and 
snow, ’ ’ said Pope—all so they can see how 
well network equipment will stand up to the 
rigors of actual transportation and installa¬ 
tion. By such deliberate but realistic abuse, 
“we’re able to shake the last-minute bugs 
out of a product design,” he told us. 

One of the main problems uncovered by 
this kind of destructive testing is unexpect¬ 
ed flaws in the basic design. For example, 
in 1985, AT&T design engineers asked Pope 
and his staff to evaluate an outdoor pedes¬ 
tal terminal, a grey plastic enclosure mount¬ 
ed at ground level where distribution cable 
from the central office is connected to ser¬ 
vice wires to residences. The design en¬ 
gineers had developed a plastic cover resem¬ 
bling a bell jar, which would trap a pocket 
of air to keep the connectors dry during a 
flood. They wanted to make sure the cover 
was free of pinholes that would let the air 
leak out and the water level rise inside. In¬ 
stead, Pope reported, when the AT&T en¬ 
gineers submerged the pedestal in 4 meters 
of water simulating a flood, ‘ ‘the fault we ac¬ 
tually found was a weak plastic latch, ’ ’ which 
gave way, so the flood cover “came shoot¬ 
ing up like a Poseidon missile.” 

The AT&T engineers also look for sur¬ 
prises in installation techniques. For in¬ 
stance, in 1983, early in the development of 
optical-fiber cable, AT&T engineers took 
some newly designed cable to a Permsylva- 
nia test site between Harrisburg and 
Carlisle, and experimentally plowed 20 miles 
(30 kilometers) of it underground using stan¬ 
dard techniques for instalhng copper cable. 

When they dug up the fiber cable to ex¬ 
amine it, they discovered that individual 
fibers inside the cable had been broken, 
even though the sheath was still intact. Anal¬ 
ysis and further tests at Chester revealed 
that the plowshare broke shale in the soil into 
sharp fragments, which grabbed the cable 
and locked it ‘ ‘like Velcro’ ’ into the ground, 
said Pope. Then the up-and-down move¬ 
ment of the plowshare produced forces 
strong enough on the cable to break the 


fibers. “Our discovery led to a new concept 
for fiber cable plows,” said Pope. 

Another purpose of destructive testing is 
to ascertain what is necessary and practical 
to make the network resistant to vandals. 
While in theory cabinets could be made ab¬ 
solutely impervious, the cost of armoring 
them all like tanks would be prohibitive. So 
how good is good enough? 

The telephone community service cabi¬ 
nets are designed to be opened only with the 
aid of a special tool. But a Chester engineer 


pened historically. Many areas in California, 
for instance, are designated Zone 4. 

To test switches and other central office 
equipment to see if they can withstand a 
Zone 4 earthquake, the engineers mount 
racks of electronics on a hydraulic shaker 
table, Drury explained. Since most earth¬ 
quake energy is concentrated at lower fre¬ 
quencies, below 20 hertz, the table’s servo- 
controlled piston has a usable stroke of 10 
inches (25 centimeters), which can produce 
up to 10 times the earth’s gravitational ac¬ 



Ballistic tests with rifles and shotguns are conducted at AT&T’s test facility at Chester, N.f., 
to evaluate the resistance of cabinets for outside plant equipment to onslaught by armed vandals. 


demonstrated that a persistent “7 to 10 
minutes of karate kicks’ ’ or levering with a 
tire iron could batter the door open, said 
Pope. That result was satisfactory, as it was 
deemed “sufficiently discouraging, or the 
clamor enough to attract the attention of the 
authorities.” Similarly, engineers with rifles 
have proven the cabinets will withstand 
being peppered with a .22, but it was 
deemed too expensive “and perhaps para¬ 
noid” to make them resistant to an assault 
weapon, Pope said. 

SHAKE IT UP. At Whippany, NJ., AT&T Bell 
Laboratories also has an indoor environmen¬ 
tal testing laboratory that, among other en¬ 
vironmental rigors, simulates vibration that 
would be encountered in situations ranging 
from fighter aircraft to earthquakes, said Ar¬ 
thur Drury, a test engineer there. 

Document TR63 divides the United States 
into zones of earthquake risk, ranging from 
0 to 4; each zone, calculated from geologi¬ 
cal history, represents a certain probability 
of an earthquake as bad as any that has hap¬ 


celeration with a frequency as low as 5 Hz. 
A wave form representing the time history 
of a typical earthquake, stored on magnetic 
tape, is used to control the input to the table 
to produce motion that varies in frequency 
and intensity, closely duplicating actual 
vibrations of a major temblor. 

To simulate the shock and vibration of 
moving trucks, planes, ships, tanks, person¬ 
nel carriers, or other vehicles—as well as 
airplane crashes and gunfire—equipment is 
mounted on an electrodynamic shaker table. 
Driven by an electrodynamic coil (similar to 
a large voice coil), this table creates higher- 
frequency vibration with its smaller stroke 
(1.25 in. or 3 cm) and higher force ratings 
(up to 100 gravities near 100 Hz). 

For experiments using either shaker table, 
the engineers instrument the equipment’s 
different structural members with piezoelec¬ 
tric accelerometers to measure the dynam¬ 
ic levels encountered, Drury explained. 
‘ ‘We may also hook up certain high-priority 
items, such as a power supply, ’ ’ because of 
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its heavy transformers, he said. Then, to see 
clearly what happens every moment, the 
Whippany engineers watch and film the 
vibrating rack under stroboscopic light. 
‘ ‘The frame may bow enough to deform the 
card cages and allow the plug-in cards to 
back out, ” Drury remarked, ‘ ‘or the chas¬ 
sis may be distorted’ ’ in ways that could be 
mechanically reinforced. 

CUSTOM TESTS. The Whippany laboratory has 
also done specialized destructive tests 
prescribed by military standards for AT&T’s 
defense customers. One is the high-impact 
shock test for lightweight electronic equip¬ 
ment specified by MIL S-901-C, simulating 
either a collision aboard Navy ships or the 
blast effect from mines certain distances 
away, Drury recounted. In this case, a 400- 
pound (180-kilogram) concrete block meas¬ 


gineers that there was so much mass in¬ 
volved that half an hour’s soak at each ex¬ 
treme would not influence the temperature 
inside,” Drury said. In fact, thermocouples 
revealed that 11 hours at each temperature 
extreme was necessary. 

The design engineers assented. The 
equipment was put into a chamber and al¬ 
ternately baked and frozen. The thermal cy¬ 
cling revealed that an epoxy ‘‘did not have 
sufficient compliance at the low tempera¬ 
tures, and cracked a costly lens” several 
inches in diameter—a problem that ‘ ‘would 
not have been found if it had not been test¬ 
ed” so realistically, Drury observed. 
GOING TOR BREAKDOWN. One organization 
testing electric power transmission systems 
in the United States is EPRI. ‘‘You don’t 
have an accurate data point unless you have 



An AT&T Co. 80-type community service cabinet housing communications equipment was 
surrounded by hay that was set on fire to test its durability through grass fires. Simulated 
telephone service through the cabinet was not interrupted during the test. 


uring 4 by 1 by 2.5 feet (1.2 by 0.3 by 0.8 
meter) on the end of a steel I-beam 5 ft long 
hung in a 16-ft frame. Like a wrecking ball, 
it is allowed to swing from heights of 1, 3, 
and 5 ft into the back of a steel support plate 
on which the items are mounted. If the 
equipment is still in one piece and working 
at the end of each test, it passes. 

When no standard exists for a new piece 
of equipment, the Whippany engineers may 
be called to devise a realistic test. Once 
AT&T design engineers working on classi¬ 
fied equipment (which Drury described only 
as a ‘ ‘military device for optical communi¬ 
cations’ ’ containing lenses and prisms in oil) 
requested that Drury and his colleagues put 
it through some thermal cycling. They want¬ 
ed to duplicate the temperature changes be¬ 
tween the storage room on board ship and 
the subfreezing temperatures under the 
ocean, where it would be operating. The de¬ 
sign engineers hypothesized that a couple 
of days’ cycling between half an hour’s ex¬ 
posure to each temperature extreme would 
do the job. ‘‘We advised the design en¬ 


a failure,” declared Ralph Samm, program 
manager of underground transmission, at 
EPRI’s headquarters in Palo Alto, Calif. 
“You don’t know how good a power cable 
actually is until you know where it will break 
down.” Samm and his colleagues simulate 
lightning strikes and switching surges on 
power cables at the EHV (Extra High Volt¬ 
age) Cable Test Laboratory in Yonkers, N.Y. 

With the lightning test, for example, as 
described by IEEE STD-4, a cable is hit with 
an impulse of a standard wave shape, whose 
voltage rises from zero to its maximum in 
1.5 microseconds, and takes 50 iis to return 
to half of the peak value. ‘ ‘We bang away at 
it with higher and higher voltages until an 
arc bums a hole’ ’ through the dielectric be¬ 
tween the inner conductor and the outer 
ground shield, said Samm. This provides the 
data point that helps determine the safety 
margin in a newly designed cable. ‘ ‘We try 
to take it to failure, although in some sys¬ 
tems that’s not possible, ’ ’ Samm said, since 
an arc may flash over to the termination 
point before the cable itself breaks down. 



Transmission tower for the Western Area 
Power Administration was tested to failure at 
the Transmission Line Mechanical Research 
Center of the Electric Power Research Insti¬ 
tute (EPRI). The heavy transverse loading ex¬ 
erted by the winches simulated high winds 
blowing against an ice-covered conductor. 



An earthquake simulator at Bell Communi¬ 
cations Research Inc. (Bellcore) varies the in¬ 
tensity of its shaking to simulate tremors from 
a small-scale quake to the really ‘ ‘big one.’’ 
Here technicians, planning for the totally elec¬ 
tronic central office, test the structural dura¬ 
bility of equipment on a raised floor. 
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Some standards for destructive tests of power and communication transmission equipment 





Technical Reference 63: 
Network Equipment- 
Building System (NEBS) 
Generic Equipment Re¬ 
quirements, 1988 

Bell Communications Re¬ 
search Inc., District Man¬ 
ager, Information Exchange 
Management, 435 South 
St., Room 2K122, Mor¬ 
ristown, N.J. 07960-1961 

Generic requirements for the physical 
protection of telephone equipment 
against fire, earthquake, chemicals, tem¬ 
perature, humidity, electrostatic dis¬ 
charge, lightning, and so on 

National Electric Safety 

Code ANSI C-2, 1990 

IEEE Standards Office, 445 
Hoes Lane, Piscataway, 
N.J. 08855-1331 

Defines the loads (wind, tension, and so 
on) power transmission towers must 
withstand 

MIL-STD-810E: Environ¬ 
mental Test Methods and 
Engineering Guidelines, 
1990 (Notice 1) 

Aeronautical Services Divi¬ 
sion, attn: ENFSL, Wright- 
Patterson Air Force Base, 
Ohio 45433-6503 

Army/Navy/Air Force document for test¬ 
ing military electronic equipment assem¬ 
blies for climatics (such as temperature, 
altitude, and humidity) and dynamics 
(shock, vibration, and acoustics) 

MIL-STD-883C: Test 
Methods and Procedures 
for Microelectronics, 1985 
(Notice 4) 

Commander, Rome Air De¬ 
velopment Center, AFSC, 
attn: RSE-2, Griffiss Air 
Force Base, N.Y. 13441 

Army/Navy/Air Force/National Aero¬ 
nautics and Space Administration docu¬ 
ment for testing military electronic parts 
for temperature cycling, temperature 
shock, centrifuge, dynamic shock, vibra¬ 
tion, bond pulling, and so on 


Source: Alison Boulter, product manager, industry standards. Information Handling Services Inc., Englewood, Colo.; Henry (Hank) Caru¬ 
so, fellow engineer, environmental simulation engineering, Westinghouse Electric Corp., Baltimore, Md.; Vince Condeilo, staff engineer, 
IEEE Sfandards, Piscataway, N.J.; Conrad Spring, division manager, network physical protection, Bellcore, Research, Morristown, N.J. 
Note: some of fhe tests are not necessarily Intended to be destructive, but they could result in equipment damage. 


Transmission line towers also come in for 
their share of abuse at EPRTs Transmission 
Line Mechanical Research Center (TLMRC) 
in Haslet, Texas. There, tests are conduct¬ 
ed to evaluate their structural response to 
static loads due to wind or ice on conduc¬ 
tors; dynamic loads from broken wires, 
dropping ice, or wind-induced oscillations; 
and twisting produced by unbalanced loads 
on the extremities of the structure’s cross 
arms. The center’s data-processing facility 
also enables engineers to predict a failure 
and to work out design modifications. 

Transmission structures are designed 
using many industry guidelines from the 
American Society of Civil Engineers, ANSI 
(the National Electric Safety Code ANSI C- 
2), the International Electrotechnical Com¬ 
mission, and the IEEE. Data from tests con¬ 
ducted at facilities such as the TLMRC are 
instrumental in updating and enhancing 
those guidelines, according to Richard Ken- 
non, EPRI’s senior program manager of 
overhead transmission lines. 

He noted that the center’s pair of rein¬ 
forced concrete test pads can support and 
mechanically load all types of individual 
transmission structures. Its 2-mile (3- 
kilometer) test line right-of-way also allows 
EPRI’s member utilities to test structures 
as components of complete line systems. 
ALL FALL DOWN. Five steel reaction frames 
looking somewhat like cranes are rigged with 
cables and winches with continuously con¬ 
trollable dc motors that apply loads to the 
test structure. Each frame, which is 240 ft 
(70 meters) high, can be moved on guides 
to optimize its location for each test. Up to 
40 winches can be used for a single test, with 
the rigging from each one instrumented to 
indicate the applied load and provide feed¬ 
back to the load control system. 

Software running on a test computer sys¬ 
tem controls the loading while monitoring 
all loads several times a second, compares 
the data with the preprogrammed load agen¬ 
da, and determines whether a test can safely 
continue. A color cathode-ray tube (CRT) 
provides simultaneous real-time readouts of 
all loads and winch parameters, allowing the 
operator to monitor the test while also view¬ 
ing it through a window. 

Resistance-type strain gauges measure 
the stress in indvidual structural members, 
whether the overall load is vertical (as if due 
to ice), horizontal transverse to the line (as 
if due to wind), or horizontal in the longitu¬ 
dinal direction (as if due to broken conduc¬ 
tor or-unbalanced ice). In each case, the 
loads are simulated by the pull of cables con¬ 
nected to computer-controlled winches. 
Remote-controlled still, movie, and video 
cameras also monitor each test. 

One of the most dramatic tests was con¬ 
ducted last year for the Western Area Power 
Administration, Golden, Colo., on a 500- 
kilovolt single-circuit tangent tower. The 
tower consisted of a UO-ft (34-meter) body 
atop a 40-ft body extension and 40-ft leg ex¬ 
tensions. The loading simulated heavy trans¬ 


verse wind against ice on the conductors and 
tower. As expected, the destructive test re¬ 
vealed that the compression legs in the leg 
extensions would buckle. The structure then 
shifted transversely, causing the body exten¬ 
sion to fold back and forth accordion-style 
until only the 110-ft body was left standing. 
While the failure was expected, the extent 
of the damage was not. 

IMPERFECT ASSUMPTIONS. But why resort to 
destructive testing when software simula¬ 
tions would be cheaper, especially since 
electrical and communication transmission 
equipment is so big? Conversely, since a fair 
share of the data gathered during destruc¬ 
tive testing is qualitative rather than 
quantitative—making certain techniques as 
much an art as a science—what do engineers 
learn in the field that cannot be effectively 
duplicated in the lab? 

While people may have “the dream of 
doing away with real-life testing, that dream 
has not come true yet,’’ said EPRTs Ken- 
non. Lattice structures such as transmission 
towers, loading forces such as wind and ice, 
and abrupt movements such as the twang of 
a breaking cable ‘ ‘are too complex to be ac¬ 
curately analyzed given our current software 
tools, ’ ’ which may have simplified assump¬ 
tions that do not match well with reality, 
Kennon said. The only way of verifying as¬ 
sumptions is to test them in the real world. 

The mismatch between complex reality 
and simplified assumptions came to the 
TLMRC’s attention when the center took 
the specifications for a U.S. utility’s tower 
and gave the design to 20 eminent design¬ 
ers around the world; they explained that 
certain forces would be applied, pulling on 
the tower in certain directions. The center 
asked the designers to analyze the resultant 
effects on the structural members. 

‘ ‘The answers varied over a range of 2 to 
1, ’ ’ Kennon said. When the EPRI engineers 
actually tested the tower, the real perfor¬ 


mance turned out to be ‘ ‘pretty close to the 
average’’ of the 20 analyses, Kennon said. 
IMPROVING MODELS. One reason is the differ¬ 
ent assumptions made by various computer 
models to simplify the complex calculations. 
For example, Kennon noted, most general- 
purpose fhiite-element-analysis software as¬ 
sumes that tension-only members—such as 
the thin, diagonal cross braces that stiffen 
a lattice structure against lateral forces— 
support no compression, as if they were con¬ 
structed of rope or string. In real life, how¬ 
ever, tension-only members do offer non- 
negligible support in compression, causing 
unexpected stresses throughout the struc¬ 
ture. Said Kennon, ‘ ‘We are developing a 
tension-only element modification for finite- 
element analysis software,’’ one of 17 
modifications used in computer models, 
based on test results from the TLMRC, that 
will make their assumptions more realistic. 

Thus, destructive testing not only tests 
structures, but can also improve computer 
models. ‘ "There are times when you should 
complete a test to destruction, to prove out 
your ability to predict failure, ’ ’ said Kennon. 

‘ ‘The real world can’t be modeled exact¬ 
ly, so people make assumptions,” said 
AT&T’s Drury. “And often Mother Nature 
finds fault with our assumptions.” While 
computer modeling is highly useful, designs 
must always be tested and verified; other- 
■wise engineers are “temptingfate,” he said. 
He added: “Would you like to fly in an air¬ 
craft that had been only modeled and never 
flown?” 

TO PROBE FURTHER. For life testing of individu¬ 
al electronic components, see “Recipe for 
reliability: shake and bake,” by Wayne 
Tustin, IEEE Spectrum, December 1986, 
pp. 37-42. For an account of the May 1988 
electrical fire in the telephone switching sta¬ 
tion in Hinsdale, Ill., see “Keeping the 
phone lines open, ’ ’ by Glenn Zorpette, Spec¬ 
trum, June 1989, pp. 32-36. ♦ 
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Behind the Laplace transfonn 



engineers have valued this 
ttanslomi as a fast route 


as well as the steady- 
state outputs of circuits 
having aperiodic as well 
as periodic Inputs 


The Laplace transform is perhaps the mathe¬ 
matical signature of the electrical engineer, 
having a long history of application to prob¬ 
lems of electrical engineering. It changes 
some of the most important differential 
equations of physics into algebraic equations, 
which are generally far easier to solve. 

Despite its Gallic name, the transform 
originates with the Swiss mathematician, 
Leonhard Euler (1707-1783), who in 1744 
wrote integrals that look much like the mod¬ 
em version. These were adapted by the 
Italian-French mathematical physicist Joseph 
Louis Lagrange (1736-1813) to the needs of 
probability theory, and his work in turn in¬ 
fluenced the Frenchman Pierre Simon 
Laplace (1749-1827). 

By 1785 Laplace was writing the almost 
modem Laplace transform [Equation 1, 
blackboard]. Today it is still used, as the 
Mellin transform, to solve certain differen¬ 
tial equations with variable coefficients. But 
an electrical engineer would write it differ¬ 
ently [Equation 2, blackboard]. 

Then in 1807 Laplace’s fellow- 
countryman, Joseph Fourier, published the 
first monograph describing the heat diffusion 
equation. Intrigued, Laplace tried his hand 
at solving it, obtaining results that in turn in¬ 
spired Fourier’s discovery of his own 
transform. 

The connection between the Fourier 
transform (used by EEs to study the power 
and energy spectra of signals) and the 
Laplace transform is intimate, but they are 
not equivalent. For example, the step func¬ 
tion has a Laplace transform, but not a Fou¬ 
rier transform. And while the Fourier trans¬ 
form is useful in finding the steady-state 
output of a linear circuit in response to a 
periodic input, the Laplace transform can 
provide both the steady-state and transient 
responses for periodic and aperiodic inputs. 

For the modem EE, the lure of the 
Laplace transform is its ability to map the 
complicated operation of convolution into 
multiplication. This integral has for decades 
driven electrical engineering undergraduates 
to contemplate theology either for salvation 
or as an alternative career. The equation 
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states that if x(t) is the input to a linear sys¬ 
tem with impulse response h(t), then the 
output, y(t), is x(0 convolved with h(t) 
[Equation 3, blackboard]. But if F(s) and X(s) 
are the associated Laplace transforms, this 
imposing integral is completely tamed 
[Equation 4, blackboard]. 

In one of those astonishing coincidences 
that could mean mathematics is not just a 
game of made-up mles, the convolution in¬ 
tegral also plays a central role in the theory 
of random variables: if x(t) and h(t) are the 
probability density functions (pdfs) of two 
independent random variables, X and H, 
then the pdf, y(f), of F = Z + is found 
by convolving the pdfs of X and H. The 
Laplace transform consequently sees a lot 
of use in probability theory, where Laplace 
first found it. 

Over a century had to elapse, though, be¬ 
fore these sophisticated applications of the 
Laplace tranrform could evolve from the 
form in which Laplace left it in 1827. For 


Ycs) = dt eo 

y(p) = xCt-u) du C3) 
. (A) 


EEs, the next big advance was made by the 
eccentric Englishman Oliver Heaviside 
(1850-1925). He reduced differential equa¬ 
tions directly to algebra by representing time 
differentiation as an operator. He usedp, as 
mpx = dx/dt andp^x = (Px/dP, while Vp (x) 
= the integral of x dt, and then manipulated 
these equations using any algebraic trick he 
could think of, including his famous Heavi¬ 
side expansion theorem, which is essentially 
the partial fraction expansion of modem 
Laplace theory. 

But Heaviside was notoriously uncon¬ 
cerned with rigor. For instance, he never 
blinked an eye when fractional operators, 
such asp^, arose. This lofty attitude of his 
greatly delayed acceptance of his work, even 
though fractional operators were already old 
news in mathematics. 

Before he died, Heaviside exchanged 
several letters with mathematician Thomas 
John I’Anson Bromwich (1875-1929) of Cam¬ 
bridge University in England. Bromwich es¬ 


tablished the missing rigor by showing how 
to interpret Heaviside’s work in terms of 
complex, Laplace-like integrals; but his sui¬ 
cide in 1929, before he could promulgate 
these new ideas, probably accounts for his 
anonymity among EEs today. 

Until the end of the 1930s, the more ad¬ 
vanced EEs continued to use Heaviside’s ad 
hoc techniques. But lesser analysts were all 
too often swallowed up in the dangers of 
methods a master like Heaviside could in¬ 
tuitively sense and sidestep. 

Then, in 1937, the German mathematician 
Gustav Doetsch published his book Theorie 
und Anwendung derLaplace-Tmnsformation. 
That same year, L.A. Pipes published the 
first explicit application of the method to 
electrical engineering problems in 
Philosophical Magazine, in a paper titled 
“Laplacian Transform Circuit Analysis.” 
These works reduced Heaviside’s tricks to 
routine methods. The technique quickly 
spread, and in the United States, Transients 
in Linear Systems: studied by the Laplace 
Transformation—the still classic text, known 
to generations of EEs as “Gardner and 
Bames”—was published in 1942. 

More recently still, the development of 
computer programs that simulate even high¬ 
ly nonlinear circuits has threatened the prac¬ 
tical importance of the Laplace transform. 
Small enough to run on desktop PCs, yet 
powerful enough to provide the steady-state 
and transient behaviors of multistage elec¬ 
tronic circuits, such software packages have 
made the Laplace transform more important 
for the theoretician than for the practical 
designer and analyst. Will the Laplace trans¬ 
form (like stress analysis in bridge struts) be¬ 
come one of those concepts learned in en- 
gineeering school but never used on the job? 
TO PROBE FURTHER. A good guide to the early 
literature on the Laplace transform and 
Heaviside’s methods is Thomas J. Higgins, 
“History of the Operational Calculus as 
Used in Electric Circuit Analysis, ’ ’ Electri¬ 
cal Engineering, Vol. 68, January 1949, 
pp. 42-45. 

Also see “Strange Mathematics,” Chap¬ 
ter 10 of Oliver Heaviside: Sage In Solitude 
by Paul J. Nahin (IEEE Press, New York, 
1988) and “Euler’s Version of the Laplace 
Transform’ ’ by Michael A.B. Deak in in The 
American Mathematical Monthly, Vol. 87, 
April 1980, pp. 264-269. 

ABOUT THE AUTHOR. Paul J. Nahin is associate 
professor of electrical engineering at the 
University of New Hampshire in Durham. 
A member of the IEEE History Committee, 
his newest book is Time Machines: Time 
Travel in Physics and Science Fiction. ♦ 
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experience and education appropriate to the field of specialization, coupled with a 
professional engineering license. 
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please send your resume, indicating appropriate Job#, to Management Recruiter, 
Dept 910301, Pacific Gas & Electric, Co., 245 Market Street, Room 808, San 
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equal employment opportunity. 
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(Continued from p. 18H) 
mation Theory (IT); June 23-28; 
Budapest Conference Center, Budapest, 
Hungary; Anthony Ephremides, Depart¬ 
ment of Electrical Engineering, University 
of Maryland, College Park, Md. 20742; 
301-405-3641. 

Power Electronics Specialist Confer¬ 
ence- PESC ’91 (PEL); June 24-28; Mas¬ 
sachusetts Institute of Technology (MIT), 
Cambridge; Martin Schlecht, MIT, Room 
39-553, Cambridge, Mass. 02139; 617-253- 
3407. 

Transducers ’91: International Solid- 
State Sensors and Actuators Confer¬ 
ence (ED); June 24-28; Hyatt Regency 
Hotel, San Francisco; Richard S. Muller, 497 
Cory Hall, Berkeley Sensor and Actuators 
Center, University of California at Berkeley, 
Berkeley, Calif. 94720; 415-642-0614. 


JULY 


28th IEEE Nuclear and Space Radia¬ 
tion Effects Conference (IEEE Nuclear 
and Plasma Sciences Society); July 15-19; 
Town and Country Hotel, San Diego, Calif.; 
James R. Schwank, Sandia National Labora¬ 


tories, Division 2144, Box 5800, Albuquer¬ 
que, N.M. 87185; 505-846-8485. 


AUGUST 


26th Intersociety Energy Conversion 
Engineering Conference-IECEC ’91 
(ED); Aug. 3-9; Boston Marriott Hotel, 
Boston; Patrick Bailey, Lockheed Missiles 
& Space Co., 1111 Lockheed Way (59-32- 
535), Sunnyvale, Calif. 94088; 408-756- 
4268. 

Cornell Conference on Advanced Con¬ 
cepts in High Speed Semiconductor 
Devices and Circuits (ED); Aug. 5-7; 
Cornell University, Ithaca, N.Y.; R.J. Trew, 
North Carolina State University, Electrical 
and Computer Engineering Department, 
Box 7911, Raleigh, N.C. 27695; 919-737- 
2336. 

International Symposium on Elec¬ 
tromagnetic Compatibility-EMC ’91 
(EMC et al.); Aug. 13-15; Hyatt Cherry Hill, 
Cherry Hill, N.J.; Henry W. Ott, 45 Baker 
Rd., Livingston, N.J. 07039; 201-386-6660. 


SEPTEMBEG 


Bipolar Circuits and Technology Meet¬ 


ing (ED); Sept. 9-10; Minneapohs Marri¬ 
ott Hotel, Minneapolis, Minn.; John Shier, 
2401 E. 86th St., Bloomington, Minn. 
55425; 612-851-5228. 

Seventh Multidimensional Signal 
Processing Workshop (SP); Sept. 23-25; 
Whiteface Inn, Lake Placid, N.Y.; John 
Woods, Computer and Systems Engineer¬ 
ing, Rensselaer Polytechnic Institute, Troy, 
N.Y. 12181; 518-276-6079. 

18th International Conference on 
Computers in Cardiology (COMP et al.); 
Sept. 23-26; Venice, Italy; Corso Stati Uniti 
4,35020 Padova, Italy; (39+49) 829 5702. 

International Symposium on Gallium 
Arsenide and Related Compounds 
(ED); Sept. 23-26; Seattle, Wash.; L. Ralph 
Dawson, Sandia National Laboratories, Di¬ 
vision 1144, Albuquerque, N.M. 87185; 
505-845-8920. 

Fourth Annual International Applica¬ 
tion Specific Integrated Circuits Con¬ 
ference and Exhibit (IEEE Rochester et 
al.); Sept. 23-27; Rochester Riverside Con¬ 
vention Center, Rochester, N.Y.; Kenneth W. 
Hsu, Department of Computer Engineering, 
Rochester Institute of Technology, Roches¬ 
ter, N.Y. 14623; 716-475-2655; fax, 
716-475-6879. 


Experimental Scientist 

(Applied Magnetism) 


INTERESTED IN DESIGNING 
NOVEL ELECTRIC MACHINES? 


$40-$5IK package (includes super) 
Division of Applied Physics, Sydney - 
Australia 

The Applied Magnetism Project includes research 
related to novel designs for electric motors and electro¬ 
magnetic devices, as well as the construction of prototypes. 

Interacting with a team of physicists and engineers, 
you'll be working on electric motors and other devices that 
utilise rare-earth permanent magnets. The design, 
construction, optimisation, and evaluation of a diversity of 
electric machines will be your key responsibilities. 

In addition to a degree or equivalent in electrical 
engineering or physics, you'll have a good knowledge of 
modern solid state electric motor controllers. Experience 
in electric motor design/construction, and the ability to use 
computer packages utilising finite element techniques, would 
be an advantage. 

A duty statement and selection criteria can be obtained 
by telephoning Vivien Nissim on 61-2-413 7452. Further 
details of the position can be obtained from Dr S.J. 
Collocott on 61-2-413 7211. Both of these people can be 
contacted by International Fax on (61-2-413 7631). 

Please send your application including details of your 
skills, qualifications and work achievements, quoting Ref No 
AS9I/3 marked "Confidential", to: The Chief, CSIRO 
Division of Applied Physics, PO Box 218, Lindfield 
NSW Australia 2070. Closing date for applications: 29 
March 1991. 



1 
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SOFTWARE 

ENGINEERS 

Schlumberger Well Services, a world leader In the oilfield service 
industry, has an immediate need for experienced Software 
Engineers at its Houston Engineering facility. These are profes¬ 
sional level positions involved in all phases of soffware develop¬ 
ment from analysis and design to coding and testing. 

To be considered for this position, you should have the following 
qualifications: 

■ BS or MS degree in either Computer Scierx:e, Physics, Math, 
Engineering, or equivalent experience 

■ 3 or more years of programming experience with C, UNIX, 
and interactive graphics for scientific or engineering 
applicatbns 

■ Experience with X-Windows and Motif would be 
preferrable 

■ Knowledge of CASE tools and formal software engineer¬ 
ing methodology 

Schlumberger offers an excellent compensation and benefits 
package abng with unique career opportunitfes Interested can¬ 
didates are encouraged to forward their resumes to: 

SCHLUMBERGER WELL SERVICES, PO Box 2175, Houston, Texas 
77252-2175, Attn: Personnel Department. No agency reter- 
rals at this time. An equal opportunity employer m/f/h/v. 


Schlumberger 
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HONEYWELL: OPENING THE DOOR 
TO A CAREER IN AVIONICS TECHNOLOGY. 


Honeywell in Phoenix offers a variety 
of career opportunities in our Commercial 
Flight Systems Qroup. Our continuing 
growth has created the following positions; 

Systems Des^n Engineer — In this 
area, you will be involved in guidance and 
control systems analysis and hardware/ 
software design trade-offs. Specification 
designs, including guidance, navigation and 
control algorithm development, as well 
as systems integration and installation, 
flight test and customer liaison activity, are 
a part of these positions. 

System Software Development — 
This area involves development of flight 
software for advanced guidance and control 
systems for aircraft using modular and 
structured programming techniques. You 
will be involved with algorithms and 
development of real-time programs in both 
assembly (8086 family, Z8002 and 68000) 
and high order languages such as Pascal, 
“C,” Ada and PLM/86, with subsequent 
hardware integration. 

Electronics Engineering — These posi¬ 
tions involve the development of new pro¬ 
cessor/bus architectures and specifications 


to support fault tolerant/redundant airborne 
applications. 

Display Systems — These positions 
offer systems, software and hardware oppor¬ 
tunities with CRT/LCD display technology. 
You should be familiar with digital hardware 
design and/or real-time programming. Sys¬ 
tems functions include overall system defi¬ 
nition, design and customer interaction. 

To (tuaUfy for the positions listed above, 
you shouid have a BSEE or a BSCS degree 
and at least three years of experience. 

Ada Software Systems Engineers — In 
these positions you will design, implement 
and maintain software tools hosted on VAX/ 
VMS computer systems and written in Ada 
and “C” languages. Experience with design¬ 
ing and implementing compilers, linkers, 
debuggers and runtime libraries targeted to 
RISC architectures is required. A back¬ 
ground in Ada compiler support is highly 
desired. 

Additional opportunities are available 

• CRT/LCD Display Technology 

* Avionics Systems Simulation 


• CAE Engineering (Apollo Mentor 
Systems) 

• Artificial Intelligence 

• VAX Systems Administration 

• Fiber Optic Pressure Sensors 

• EMl/HERF 

• Software Tools Development 

Make a career move. Honeywell offers 
you a competitive salary and benefits pack¬ 
age. All new employees are required to suc¬ 
cessfully complete a drug screening test. 
Send your resume and salary history, in con¬ 
fidence, to Honeywell, Commercial Flight 
Systems Group, Professional Employment 
(IEEE-E904), RO. Box 21111, M/S 1-17C, 
Phoenix, AZ 85036. 

Honeywell 

HELPING YOU CONTROL 
YOUR WORLD 

Equal Employment Opportunity/Affirmative Action Employer 

U.S. citizenship required for some positions 




Recent books 


(Continued from p. 13) 

Image Analysis Applications. Ed. Hasturi, Ran- 
gachar, and Trivedi, Mohan M., Marcel 
Dekker, New York, 1990, 464 pp., $115. 

A Computallonal Model of Meiaiiftor Inteiprelatlon 
(Perspectives In Aitllldal Intelligence Series, Vol. 

8). Martin, James H., Academic Press, San 
Diego, Calif., 1990, 229 pp., $34.95. 

A Olgital Design Methodology lor Optical Comput¬ 
ing. Murdocca, Miles, MIT Press, Cam¬ 


bridge, Mass., 1990, 162 pp., $30. 

Schaom's Solved Problems Series: 2000 Solved 
Problems In Electronics. Cathey, Jimmie J., 
McGraw-Hill, Hightstown, N.J., 1990, 532 
pp., $19.95. 

Music, Sound, and Jbchnology. Eargle, John M., 
Van Nostrand Reinhold, New York, 1990, 
290 pp., $39.95. 

The Elements of Nonlinear OpOcs. Butcher, P. N., 
and Cotter, D., Cambridge University Press, 
New York, 1990, 344 pp., $49.50. 


Uselul Network Theorems with Applications. 

Stockman, Harry E., Sercolab, 1990, 230 
pp., $12.50. 

More C Orels for Scientists and Engineers. Baker, 
Louis, McGraw-Hill, New York, 1990, 308 
pp., $29.95. 

Connectionist Robot Motion Planning. Mel, Bart¬ 
lett W., Academic Press, San Diego, Calif., 

1990, 165 pp., $29.95. 

Uncertainty. Morgan, M. Granger, and Hen- 
rion. Max, Cambridge University Press, 
New York, 1990, 332 pp., $44.50. 

Complexity, Enbopy and the Physics of Irdomiatloo. 

Ed. Zurek, Wojciech H., Addison-Wesley, 
New York, 1990, 544 pp., $29.25. 

Shared Minds. Schrage, Michael, Random 
House, New York, 1990, 227 pp., $19.95. 

Microsoft mute on the Apple Macintosh. Rubin, 
Charles, Microsoft Press, Redmond, Wash., 
1986, 345 pp., $18.95. 

Ethical Issues In Englneering.Johnson, Deborah 
G., Prentice-Hall, Englewood Cliffs, N.J., 

1991, 392 pp., $27.33. 

The Personal ComputerSook. McWilliams, Peter, 
Prelude Press, Los Angeles, Calif., 1990, 
672 pp., $19.95. 

Managing the Design-Manulacturing Process. Ett- 
lie, John E., and Stoll, Henry W., McGraw- 
Hill, New York, 1990, 285 pp., $49.95. 

Analog and Digital Communication Systems. 

Roden, Martin S., Prentice-Hall, Englewood 
Cliffs, N.J., 1991, 505 pp., $56. 

Senucondudors and Sendmetak-Vel. 32; Strained- 
Layer Superlattices: Physics. Pearsall, Thomas 
P., Academic Press, San Diego, Calif., 1990, 
275 pp., $74.50. 

Electrical Machines, Drives, and Power Systems. 

Wildi, Theodore, Prentice-Hall, Englewood 
Cliffs, N.J., 1991, 727 pp., $47. 

MS-DOS Commands. Wolverton, Van, Microsoft 
Press, Redmond, Wash., 1990, 122 pp., 
$7.95. 

Hydropower Engineering Handbook. Gulliver, 
John S., and Arndt, Roger E. A., McGraw- 
Hill, New York, 1990, 672 pp., $65. 

X Window System Rmikit. Asente, Paul J., and 
Swick, Ralph R., Digital Press, Bedford, 
Mass., 1990, 1000 pp., $44.95. 

Fundamentals olPiezoelectricity. Ikeda, Takura, 
Oxford University Press, New York, 1990, 
263 pp., $98. 

(Continued on p. 60G) 



Litton Electron Devices, a high technology manufacturer and division of Litton 
Industries (a Fortune 100 Company), is seeking highly skilled engineers to join 
our expanding staff in the development of Cathode Ray Tubes. The following 
opportunities are available in Tempe, Arizona. 

SR. PROJECT ENGINEER - (Cathode Ray Tube) 

A Bachelor’s degree in Physics, EE, or ME with experience in CRT tube design, 
proposal origination, program development and administration to meet customer 
specifications, product cost and delivery schedules. Design capability must in¬ 
clude both magnetic and electrostatic focus and deflection types. Responsibili¬ 
ties will include electron gun and tube envelope design, potting of tubes in 
magnetic shields, coil magnetics and specifying required phosphor screen char¬ 
acteristics. Interfacing with customers for design/development purposes will be 
necessary. Use of computer generated electron optical programs a plus. 

SR. ELECTRON GUN ENGINEER 

A Bachelor's degree in Physics, EE, or ME to design electron guns and imple¬ 
ment manufacturing set up, in magnetic, electrostatic focus and deflective type 
tubes, to meet specifications. Empirical design computer electron optical program 
designs necessary. Statistical process control, general tube fabrication and tube 
processing knowledge desirable. 

SR. PROCESS ENGINEER 
(Phosphor screens & other internal tube coatings) 

A Bachelor’s degree in Chemistry or Physics with responsibility for phosphor 
screen development and manufacturing. Must be capable of engineering screen 
designs to meet required tube performance specifications. Deposition methods 
include settling, cataphoretic, and other techniques; plus floatation, spray lac¬ 
quering, and screen aluminization. Elimination of screen blemishes below dis¬ 
cernible tube specification levels a must goal. Responsibilities would also include 
other internal tube coatings, statistical process controls, and yield Improvements. 

We offer pleasant working conditions, along with a competitive salary and an 
industry-leading benefits package. Please send your confidential resume with 
salary history to: Litton Electron Devices, Personnel Department, 1215 South 
52nd Street, Tempe, Arizona 85281. EOE M/FA//H 


Litton 


Electron Devices 


60D 



















0UTS1AN 


In the world of 
electronic defense 
systems, being good 
isn’t good enough. 

It takes a company¬ 
wide commitment 
and the very best 
professionais to put 
technology on target. 

At E-Systems Garland Division, we 
understand that to succeed in the com¬ 
plex world of electronic defense, we’ve got 
to be better than good. We’ve got to go 
one step beyond-to redefine the mean¬ 
ing of excellence. That’s because there 
are no near-misses in our business. Only 
bulls-eyes. And bulls-eyes on buUs-eyes. 

So it’s no accident that we’re one of 
America’s fastest growing suppliers of 
electronic defense systems. Outstanding 
systems, products and technologies come 
from superlative professionals. 

E-Systems Garland Division is a 


and image processing technologies, 
sophisticated receiver systems, and sys¬ 
tems integration for pn^rams like JSIPS 
and the Distributed Waigaming Sy^m. 
Be outstanding in your fieid. 

If you’re a technical professional, we 
invite you to stand out with E-Systems 
Garland Division. 

Management information 
Systems 


• IDMS/Cullinet 

Senior Software Engineers 

• UNK, “C”, Ada, Pascal 

• X-Windows 

• 68000 Firmware 

• Sun, Daisy, Micro VAX Workstations 

• Cray and IBM Systems Software 
•DECVAX/VMS Software 


Senior Hardware Systems 
Engineers 

• Digital Processing (Image and 
Signal) 

• Receiver/Antenna 

• RF/IF Communications 

• SIGINT/EUNT 
•VHSIC,VLSI,MMIC,GaAs 
•CAE/CAD/CAM Applications 

Support Engineers 

• Components 
•Quality 

• Calibration 

• Configuration 

Business Deveiopment 
Specialists 

• Government/Commercial Pn^rams 

• Mass Storage Systems 

• Communications Systems 

Take aim at the future. 

Our technical careers are on target, as 
well; we have one of the lowest turnover 
rates of any company in our industry. As 
a technical professional with E-Systems 
Garland Division, you’ll enjoy a superb 
compensation package-featuring a flexi¬ 
ble prr^ram that lets you tailor your own 
benefits. And our ESOP program makes 
every E-Teamer part owner of the 
company. 


Be better than good. Join E-Systems 
Garland Division today. Send your 
resume to; Ann Olson, Director of Staf¬ 
fing, E-Systems, Inc., Garland Division, 
P.O. Box 660023, Dept 25TG, DaUas, 
Texas 75266-0023. 




EBI/SBI/ 

POLY 





SYDNEY, AUSTRALIA 


DEPARTMENT OF 
COMMUNICATIONS 
SCHOOL OF ELECTRICAL 
ENGINEERING 


LECTURER 

SENIOR 

LECTURER 

2 positions 

(Tenured/Tenurable 

Appointments) 


USE YOUR “TICKETS” 
FOR FASTER 
CAREER GROWTH 

Put our 25+ years experience 
placing technical professionals to 
work for you. All fees paid. Nation¬ 
wide opportunities in Commun¬ 
ications, Defense, Intelligence, 
Computer, Satellites and Analyti¬ 
cal Sciences. If you earn over 
$32,000, we have a better, more 
rewarding job for you ... right 
now. U.S. citizenship and EBI/ 
SBI/POLY desirable. Call (301) 

231 -9000 or send your resume in 
confidence to: Dept. EAI3EB. 

Or FAX to: (301)770-9015. 


The Department of Communications is one of the 
four departments within the School of Electrical 
Engineering. Specialisation for undergraduate 
students commences at the second half of their third 
year in the four year B.E. course. The Department 
also offers graduate degrees in Master of 
Engineering Science, Master of Engineering and 
Doctor of Philosophy. 

The research and consulting activities of the 
Department cover communication networks; mobile 
and digital communications: microwave and antenna 
systems; optical fibre and electro-optics technology; 
and signal processing including spe^h processing. 
The optical communications research group in the 
Department is well known and has excellent 
research facilities including optical fibre 
manufacturing facilities, numerous lasers, and 
optical waveguide manufacturing equipment for 
optoelectronic research. 

We are looking for applicants with a relevaht PhD 
degree and expertise in fibre optics or electro-optics. 
In addition to research and consulting activities, the 
successful applicants are expected to teach 
undergraduate and postgraduate subjects within the 
School. 

Although ah appointment at the level of lecturer is 
preferred, appointment at senior lecturer level may 
be considered for an applicant with exceptional 
qualifications. 

Salary: Senior Lecturer: A$43,984-A$51,015 pa. 

Lecturer: A$33,163-A$43,096pa. 

Commencing salary according to qualifications and 
experience. 

Appiicants may indicate the level of appointment for 
which which they wish to be considered. 

Further information from Associate Professor 
P.L. Chu on (international) 61 2 697 4006. 


Applications close 25 March, 1991. 

PLEASE QUOTE Ref. 058 XX. 




Please submit written application, 
QUOTING REFERENCE NUMBER, and 
include business and private telephone 
numbers, together with the names, 
addresses (and preferably facsimile 
numbers) of two referees, curriculum vitae 
and transcript of academic record to: 
The Recru'rtment Officer, Staff Office, 
PO Box 1, Kensington NSW 2033, 
Australia. 


WALL AC H 

associates, inc. 

Washington Science Center 
6101 Executive Boulevard 
Box 6016 

Rockville, Maryland 20849-6016 


Faculty Positions in 
Manufacturing Engineering 

Assistant or Associate Professor position. 
Specializations of particular interest include 
applications of flexible automation and robotics 
in the analysis and design of manufacturing 
systems. Reference for candidates who are 
experimentalist and who have backgrounds 
including experience in industry. 

Assistant Professor position. Specialization 
of particular interest is in the area of surface 
modification of "engineered" materials with 
emphasis on processing of composite and 
organic coatings. Exceptional candidates having 
other specializations are also invited to apply. 
Faculty in these positions will be expected to 
develop a strong base of research support and 
to contribute significantly to building the 
department’s doctoral program. Successful 
candidates will possess outstanding records of 
research and publication. Ability to interface with 
industries in areas of advanced technology is 
expected. Successful candidates must hold 
earned doctorates in appropriate engineering 
disdplines. An excellent package of amenities can 
be tailored to satisfy the successful candidates' 
needs. Nominations and applications will be 
accepted until positions are filled. Nominations 
and inquiries should be forwarded in 
confidence to; 

Dr. Peter Z Bulkeley, Chairman 
Boston University 

Department of Manufacturing Engineering 
44 Cummington Street ^ 

Boston, MA 02215 

BOSTON 
UNIVERSITY^ 

An equal opportunity, affirmative action employer 


INKS 

DE LA recherche 
SCIENTIFIQUE 

SE 

\A FORCE DE \A SCIENCE 


DIRECTOR 

INRS-Telecommunications 

L'Institut national de la recherche scientifique, 
part of the University du Quebec system, is 
seeking candidates for the position of Director 
of its centre for telecommunications research. 

INRS-Tyidcommunications is an academic 
research centre specializing in speech and 
image communications software. Its operating 
format, the result of an unusual collaborative 
agreement with Bell-Northern Research, is 
unique. The Centre is located within BNR's 
Montreal laboratories on He des Soeurs. It has 
extensive educational as well as research 
activities, offering both Master's and Ph.D. 
degrees in telecommunications and related 
science. 

The Director is responsible for organizing the 
research teams and for guiding the orientation 
of tthe research programmes. The new Director 
will be expected to promote the Centre both 
nationally and internationally, and to develop 
new collaborations with universities and 
industry. 

The post will be filled during the coming 
summer. Candidates must have a doctoral 
degree or demonstrated equivalent 
competence. Industrial experience would be 
an asset. Working knowledge of both French 
and English is essential. 

INRS is an equal opportunity employer. 

Applications, accompanied by a complete 
curriculum vitae, should be addressed to: 


Dlrecteur des ressources humaines 

Institut national de la recherche 

scientifique 

Case postale 7500 

Sainte-Foy, Quebec, (CANADA) 

G1V4C7 
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Recent books 


(Continued from p. 60D) 

MS-DOS Batch nies./amsa, Chris, Microsoft 
Press, Redmond, Wash., 1989, 166 pp., 
$6.95. 

Modern Signals and Systems. Kwakemaak, 
Huibert, and Sivan, Raphael, Prentice-Hall, 
Englewood Cliffs, N.J., 1991, 791 pp., $56. 

re Jbo/s Deluxe. Townsend, Carl, Microsoft 
Press, Redmond, Wash., 1990, 156 pp., 
$7.95. 

X Window System. Scheifler, Robert W., and 
Gettys, James, Digital Press, Bedford, Mass., 
1990, 851 pp., $49.95. 

The IMS/K Expert's Dulde. Lyon, Lockmod, Van 
Nostrand Reinhold, New %rk, 1990, 254 
pp., $32.95. 

The Norton Utilities. Wolverton, Van, Microsoft 
Press, Redmond, Wash., 1990, 122 pp., 
$7.95. 


Chorafas, Dimitris N., 
Van Nostrand Reinhold, New York, 1990, 
373 pp., $47.95. 

The Ocean In Human Affairs. Singer, S. Fred, 


Paragon House, New York, 1990, 374 pp., 
$34.95. 

re TbOlS Deluxe. Nelson, Stephen L., Microsoft 
Press, Redmond, Wash., 1990, 395 pp., 
$22.95. 

X and Mom Oufck Reference Guide. Rost, Randi 
/., Digital Press, Bedford, Mass., 1990,240 
pp., $24.95. 

Assurance Tbchnolegles. Raheja, Dev G., 
McGraw-Hill, New York, 1990, 341 pp., 
$49.50. 

Handhook of Polymer Coatings for Electronics. 

Licari, James /., and Hughes, Laura A., 
Noyes ^blications. Park Ridge, N.J., 1990, 
392 pp., $75. 

Xdvances In Electronics and Electron Physics, Sim 
#2f: Coulomh Interactions In ParOcle Beams. Jan¬ 
sen, G.H., Academic Press, New York, 
1990, 546 pp., $89. 

Systems & Control Encyclopedia: Supplementary 
Volume 1. Ed. Singh, Madan G., Pergamon 
Press, Oxford, England, 1990, 658 pp., 
$295. 

Entropy and Information Theory. Gray, Robert 
M., Springer-Verlag, New York, 1990, 332 
pp., $53.50. 


PracUcal Volume Holography. Syms, R.R.A., 
Oxford University Press, New York, 1990, 


Computer Ethics: CauOonary ales and Ethical 
Dilemmas In Computing. Forrester, Tom, and 
Morrison, Perry, MIT Press, Cambridge, 
Mass., 1990, 193 pp., $19.95. 

Dictionary of Computing. Ed. Glaser, Edward 
L., and Pyle, I.C., Oxford University Press, 
New York, 1990, 510 pp., $39.95. 

The Automated Factory Handhook. Cleland, 
David /., and Bidanda, Bopaya, TAB 
Books, Blue Ridge Summit, Pa., 1990, 812 
pp., $69.95. 

Automatic Control Systems. Kuo, Benjamin C. 
Prentice-Hall, New York, 1991, 760 pp., $56. 

Expert Systems Applications for the Etectrlc Power 
Industry, volumes I and II. Naser, Joseph A. 
Hemisphere Publishing, Bristol, Pa., 1990 
1462 pp., $185. 


Computi 


I. Wechsler, Harry, Aca 


demic Press, New York, 1990, 558 pp. 
$64.50. 

Kinematic Geometry of Mechanisms. Hunt 
K.H., Oxford University Press, New York 
1990, 399 pp., $51. 


III-V DEVICE 
PHYSICIST 

The Jet Propulsion Laboratory has an 
immediate opening for a postdoctoral can¬ 
didate for research in low-temperature 111- 
V devices for imaging detector array read¬ 
outs. Candidate should have experience in 
111-V device theory, fabrication and test. 
Experience in cryogenic testing and circuit 
design would be helpful. U.S. Citizenship 
or permanent residency required. Salary 
to $38,000/yr. 

Interested candidates should contact 
Dr. Eric R. Possum (818) 354-3128 or send a 
resume to Professional Staffing, Department 
T-10. Jet Propulsion Laboratory, California 
Institute of Technology, 4800 Oak Grove 
Drive, 249/104, Pasadena, CA 91109. Equal 
Opportunity Employer. 


JPL 


INDIANA UNIVERSITY 
CYCLOTRON FACILITY 
ELECTRICAL ENGINEER 


The Indiana University Cyclotron Facility has an opening for an 
Electrical Engineer to participate in the expansion and support 
of a dynamic accelerator laboratory of international reputation. 

The primary responsibility of this position is to provide the en¬ 
gineering support for the high current and high voltage power sup¬ 
plies of the present and future accelerators. These responsibilities 
include the design, “hands-on” development, installation, and 
troubleshooting of the following systems: High precision current 
regulated power supplies, pulsed power supplies, high voltage 
power supplies, analog control systems, motor drivers, AC pow¬ 
er distribution systems, and grounding arrangements. Other 
responsibilities include the direction, training, and supervision 
of accelerator support electronics technicians, and participation 
in long-term research and development projects. 

This is a continuing full-time position in the lUCF Professional 
Ranks which provides excellent opportunities for professional 
growth. A B.S. degree in Electrical Engineering is required and 
two years' experience working in a scientific laboratory is 
preferred. 

8end resume and names of three persons as reference to: 

Robert Woodley 

Indiana University Cyclotron Facility 
2401 Milo B. Sampson Lane 
Bloomington, Indiana 47405 
USA 

(812) 855-5194 

Indiana University is an Affirmative Action/Equal Opportunity Employer. 
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CUSTOM 

VLSI 

□ESIEIV 

ElVGIIXIEERS 


Introducing CYRIX CORPORATION. 

The Most Exciting Young Company in Years. 

CYRIX CORPORATION is a two-year young company 
that is way ahead of its time. Deveioping, designing, and 
producing the FasMath arithmetic Co-Processor, we 
have been able to increase the speed of the 80387 
processor significantiy while reducing power require¬ 
ments. 

But, we’re not satisfied with that! We are seeking 
taiented software-oriented Custom Designers to work 
with us to compiete some very exciting product ideas— 
and go on to still more. There is a very exciting future at 
Cyrix. 

To qualify, you will need a BS or MS in EE, CS or other 
appropriate field. Additionally, we require 5 years of 
custom design experience (ASIC is not appropriate) 
developing processors or coprocessors. Your experi¬ 
ence must be in CMOS (we can consider BiCMOS). 
Because our design approach Is software intensive, it is 
important that you are familiar with “C” under UNIX. It is 
helpful if you have experience with Cadence/Verilog 
tools. 

We are also in need of Product Marketing Engineers who 
can develop competitive analysis and trend forecasts as 
well as technical product specifications and sales- 
related material. Experience in the microprocessor or PC 
industry or the OEM marketplace is also required. 

To be considered for these extremely exciting opportu¬ 
nities, rushyourresume, in confidence, to: Warren Soble, 
Human Resources Manager, Cyrix Corporation, Dept. 
IEEE31,1850 N. Greenville Ave., Suite184, Richardson, 
TX 75081. Or, fax your resume to: 214/234-8397. 
PRINCIPALS ONLY PLEASE. 


Cy 


rix. 


ADVANCING THE STANDARD. 



QUANTUM MEDICAL SYSTEMS 

We offer small company excitement backed by the international 
technical and operational resources of Siemens. It is an environ¬ 
ment that welcomes your vision and provides state of the art equip¬ 
ment so that you can develop, test and perfect your ideas. Growth 
in our company has resulted in opportunities for two experienced 
systems engineers. 

Acoustical Analysis 

Advance the performance limits of the most dynamic medical im¬ 
aging field. Develop modeling and evaluation tools. Specify ultra¬ 
sound arrays. Optimize system parameters. Evaluate imaging 
performance. Provide technical leadership and conduct new product 
investigations. 

Requires M.S. or Ph.D. in EE/Physics/Bioengineering and at least 

5 years of relevant experience, and knowledge of acoustical imag¬ 
ing and beamformer architecture. Medical ultrasound experience 

Is a plus. 

Product Development 

Turn marketing requirements into product specifications. Work with 
design engineers to develop new strategies to make complex high 
performance systems effective and easy to use. Interact with clin¬ 
ical customers to enhance product development. 

Requires M.S. in EE/CS or equivalent and at least 3 years of product 
development experience. Medical ultrasound experience a plus. 
Quantum is located in a peaceful setting 15 miles from Seattle, 
just minutes from the University of Washington, centers for the 
arts and year-round recreation. Quantum offers an excellent com¬ 
pensation and benefit program. Please send your resume in con¬ 
fidence to Human Resources, Quantum Medical Systems, 1040 
12th Ave. NW, Issaquah, WA 98027. 

EOE/M/F/V/H 





ESTIMATING 

ELECTRICAL 

1 * ktij J LOADS FOR 
PLANNING 
ELECTRICAL 
DISTRIBUTION 
SYSTEMS 

Developed and presented by Declan F. Klingen- 
hagen, P.E., President of Klingenhagen En^eers, 
P.A. of Columbia, South Carolina. 

When new buildings and facilities are required, an 
estimate of electrical loads is necessary to plan the 
electrical distribution system and determine the type 
and amount of service needed from the Power Com¬ 
pany. This Home Video Tutorial covers the applica¬ 
tion and use of demand and diversity factors to 
estimate loads and how their use can help provide 
adequate sized electrical distribution equipment for 
the least cost. The problems worked out in the 
tutorial use practical demand and diversity factors 
based upon experience. 

For more information, call IEEE, Educational Ac¬ 
tivities at (201) 562-5499, 
or write IEEE, a. 

Educational Activities 

445 Hoes Lane, PO Box 1331 

Piscataway, NJ 08855-1331. * 
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Innovative Solutions for 
Manufacturing, Production, 
and Research 


From semiconductor & material processing to medical & biomedical to chemical to tooling to 
remote sensing and more, laser & electro-optic technology is revolutionizing today's industry. 
Learn how this technology can provide innovative solutions to problems in your 


BALTIMORE CONVENTION CENTER, 
I BALTIMORE, MARYLAND 


Conference—May 12-17 
Exhibition—May 14-16 


work. 


The Most Important The Corderence on Lasers and Electro-Optics (CLEO®) is internationally renowned 
Conference/Exhibition on and is considered the most iiwortant conference and exhibit on lasers and 

Lasers & Electro-optics electro-optics, in 1991, CLEO® will be held jointly with the Quantum Electronics and 
Laser Science (QELS) corderence. The combined meetings will offer more than 1,000 
refereed technical papers of the highest quality. 

Learn the Basics More than twenty half-day short courses will be offered for engineers and techiucal 
managers who wish to explore new technologies. From Fundamentals of Lasers to 
Soft-X-Ray Science and Technology to Fiber-Optic Sensors to Tunable Solid-State Lasers 
and more, these short courses are given by recognized leaders in their respective 
fields. 


The World’s Largest Exhibition 
Devoted Exclusively to 
Lasers & Electro-optics 

CLEO^ 

Sponsored by: 

lEEE/Lasers & Electro-Optics Society 
Optical Society of America 

QELS 

Sponsored by: 

APS/Laser Science Topical Group 
lEEE/Lasers & Electro-Optics Society 
Optical Society of America 


From the latest technology supporting research to innovative methods of production 
to products incorporating lasers and electro-optics for commercial and consumer 
applications, CLEO® offers attendees the opportunity to see the latest products and 
services from over 350 leading companies from around the world. 

Gain hands-on knowledge of the latest equipment! The techiucal expertise of the 
representatives from the exhibiting companies is a unique feature at CLEO® and 
offers you an opportunity to find new and innovative solutions to your industries' 
problems that may not have been previously considered. 


Check off the boxes at right to 
identify the additionai information 
you need, and maii this coupon to: 

CLEO®/QELS -91 
c/o; Optical Society of America 
2010 Massachusetts Avenue, NW 
Washington, DC 20036 

or call the CLEO® Exhibits Dept, at 
(202) 223-0037, or fax this coupon 
to (202) 416-6140 


I need information on: 

□ technical conference registration 

□ exhibiting my company’s products 

□ complimentary pass and information on tl 

exhibits & product presentations 

























Mana gin g technolog y 


Getting copiers to market: 
Japan vs. the Uniteti States 

The latest evidence that competitiveness of 
U.S. companies is hurt by the costs incurred 
in coordinating and monitoring technologi¬ 
cal innovation has emerged from a study of 
the plain paper copier industry. 

Conducted by Philip H. Bimbaum-More, 
a professor of management at the Universi¬ 
ty of Southern California Graduate School 
of Business Administration, and Joseph T. 
Gilbert, a doctoral student there, the study 
highlights results of their investigations of 
the performance of 23 firms in the United 
States, Japan, and Etrrope between 1974 and 
1984. 

The two researchers found that although 



outsourcing varied by market segment, 
seven of the nine Japanese firms manufac¬ 
tured their copiers internally, while two re¬ 
lied on outsourcing through original- 
equipment manufacturer arrangements. It 
was just the reverse for the U.S. firms: 
seven outsourced their manufacturing, while 
two manufactured copiers internally. 

In both situations, however, the Japanese 
were faster than their U.S. counterparts in 
the time it took to bring a product to mar¬ 
ket, in successive product introductions by 
the same firm (cycle time), and in introduc¬ 
ing products to compete with new products 
of other firms (response time). 

The U.S. firms that manufactured inter¬ 
nally were faster than those that outsourced, 
but they were still slower than all the Japa¬ 
nese firms. (The Japanese firms that out¬ 
sourced were faster than those that 
manufactured internally.) 

Both the Japanese and the U.S. firms were 
faster than the European firms, all of which 
outsourced. 


Bimbaum-More told IEEE Spectrum that 
he believes the reason the Japanese have a 
speed advantage over the U.S. firms (he is 
not sure about the Europeans) lies in the 
monitoring and coordinating of supplier rela¬ 
tionships. 

‘ ‘Japanese firms know their suppliers very 
well and don’t spend a lot of time signing 
documents and getting all of the legal con¬ 
tracting straight. Basically, it’s done on the 
basis of tmst and a handshake, and the re¬ 
course if a supplier fails to live up to the 
agreement is simply that he will never be 
used again.” 

A paper on this work, which is part of a 
broader investigation of competitive prod¬ 
uct timing in the copier, semiconductor 
microprocessor and dynamic RAM, and fac¬ 
simile industries, is being published. For a 
copy, write Bimbaum-More at the Depart¬ 
ment of Management and Organization, 
Graduate School of Business Administration, 
University of Southern California, Los An¬ 
geles, Calif. 90089-1421. 


R&D researchers generally assume that a 
challenging job prompts a young engineer to 
perform that job better. But some managers 
argue that job performance is a cause rath¬ 
er than an effect, and that certain people are 
naturally high performers, who are motivat¬ 
ed to select, and more likely to be selected 
for, more challenging assignments. 

To sort out what may be actually happen¬ 
ing, Denis M.S. Lee studied the causal re¬ 
lations among job challenge, workload, and 
job performance of 210 young engineers 
(‘‘Job Challenge, Work Effort, and Job Per¬ 
formance of Young Engineers: A Causal 
Analysis, ’ ’ to appear soon in IEEE Trans¬ 
actions on Engineering Management). 

Lee, who is professor of computer infor¬ 
mation systems at Suffolk University, Bos¬ 
ton, studied the engineers at two times: 
first, during their industrial assigrunents in 
a college cooperative program, and then 
three years later, after they had completed 
at least two years’ full-time professional 
work. 

Lee found that job challenge and work ef¬ 
fort have a direct effect on current job per¬ 
formance, and that these effects become 
stronger over time. 

In other words, young engineers do get 
higher performance ratings on jobs that are 
more challenging. In addition, however (and 
this has not been demonstrated before, Lee 
told us), challenging jobs lead engineers over 
time to seek other jobs that are even more 
challenging. 


Lee explained that a subtle learning effect 
appears to be key in this causal relationship 
between early work experience and perfor¬ 
mance. ‘ ‘It’s what engineers learn in the or¬ 
ganization that determines their long-term 
performance, not technical education nor 
anything else,” he said. 

This has implications for the treatment of 
newly hired engineers. Stressing that ‘‘we 
need to change fundamentally the way young 
engineers develop,” Lee asserted that ‘‘to¬ 
day’s enviroiunent is disastrous for them. ’ ’ 
Pointing to previous studies showing that 
high-performing young engineers are more 
effective communicators and information- 
gatherers than their lower-performing col¬ 
leagues, he told us that management should 
do more to integrate new engineers into the 
organization and provide them with challeng¬ 
ing assignments. 


Diversity in D&D groups 

Women, minorities, and the foreign-bom are 
joining the technical workforce in increas¬ 
ing numbers. This heterogeneity has its 
advantages—notably, the opportunity to fill 
jobs with the best people. But there are 
problems as well, brought about by differ¬ 
ing communications and behavior patterns, 
expectations, and attitudes toward work— 
and by supervisors’ reactions to these 
differences. 

Diversity in the R&D groups at five major 
companies was studied recently by three 
management professors from Rutgers 
University, Newark, N.J.—George G. Gor¬ 
don, Nancy DiTomaso, and George F. Far¬ 
ris (‘ ‘Managing Diversity in R&D Groups, ’ ’ 
Research Technology Management, January- 
Febmary 1991, pp. 18-23). 

Among other recommendations, they urge 
that all employees, especially those from 
cultural groups new to the organization, be 
given a better orientation about the compa¬ 
ny’s cultural norms. Such orientation should 
cover: how to behave in meetings; how to 
work with superiors, peers, and support 
staff; which activities are likely to be recog¬ 
nized and rewarded; how to negotiate good 
assignments; when it is permissible to break 
the rules; and promotion policies. 

Ideally, individual managers will provide 
newcomers with this orientation, but it may 
be necessary to organize formal programs 
and even encourage special support groups. 
Also helpful would be to mix new and “tradi¬ 
tional” engineers in the same office. 


COORDINATOR: Michael F. Wolff 
CONSULTANTS: Robert F. Cotellessa, Clarkson 
University: John Griffin, McKinsey & Co. 
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Seeing more with 
visuai data anaiysis 

Engineers and scientists who must analyze 
large amounts of data should consider a new 
method of analysis—visual data analysis 
(VDA). To produce novel ways of viewing 
data, VDA combines traditional data analy¬ 
sis, graphics, and file management with 
visuahzation, which includes animation or 
shading the display so as to aid the viewer 
in spotting trends or patterns. 

One VDA product is PV Wave. It can help 
you figure out what format your data is in, 
read it, analyze it with one of several mathe¬ 
matical functions, and graph it on your dis¬ 
play. It offers several types of charts: sur¬ 
face, two-, three-, or w-dimensional plots and 
vector, raster, or volumetric representa¬ 
tions. Hard copy output is also available. 



Visualization software allows data to be plot¬ 
ted in different ways. The scatter plot is one 
view of data produced by vibration sensors on 
an automobile (top). The same data can be 
represented by a surface plot (below). 

With the newest version of PV Wave, 
dubbed Point and CUck, a mouse is needed 
to select the desired function. Data can eas¬ 
ily and quickly be imported and analyzed. 
Several different graphs and/or tables of 
numbers may be viewed simultaneously. 


With the aid of the mouse, portions of any 
graph can be blown up to show detail. Values 
can also be represented by hues of color. 

For greater flexibility, the older Command 
version provides a high-level language and 
can be used in conjunction with traditional 
languages such as C. It does not allow the 
use of a mouse. Like the other version, it 
redraws the screen quickly without the use 
of a video accelerator. 

PV Wave Point and Click carries a list 
price of US $4500. The Command version 
has been available for several years and has 
the same price. Both are available on several 
platforms, such as the Sun Sparc worksta¬ 
tion, and come with a 60-day money-back 
guarantee. Contact: Terri Douglas, Precision 
Visuals Inc ., 6260 Lookout Rd ., Boulder, 
Colo. 80301; 303-530-9000, ext. 402, or 
circle No. 101. 



The once ami futUK sky 

If you’ve always wanted to know what the 
sky looked like in, say, 4000 B.C. or how it 
will look in about 10 000 A.D., or any time 
in between, you might consider EZ Cosmos. 
The computer simulation displays more than 
10 000 celestial objects both from our solar 
system and far out into deep space. The sky 
may be viewed from any point on Earth, or 
you may zoom to a close-up of any object. 
You can select any object with a mouse, 
arrow keys, or by typing in its name; the pro¬ 
gram can then display the object’s vital 
statistics in tabular form. 

In lieu of a telescope, EZ Cosmos Version 
3.0 requires an IBM or compatible computer, 
512K bytes of RAM, and either a VGA, 
EGA, CGA, or Hercules monitor. It sells for 
$69.95 plus $5 shipping. Order it directly 
from the developer, and you’ll also receive 
a 30-day, money-back guarantee (less ship¬ 
ping), and a free subscription to Astronomy 
Magazine. Contact: Future Trends Software, 
Box 1418, DeSoto, Texas 75115; 800-869- 
3279, or circle No. 106. 


CATALOG 


Proilucts listeil on a disk 

Want a quick way to search through a 
manufacturer’s catalog? Try Burr-Brown’s 
electronics catalog, an IBM PC-compatible 
floppy disk listing the company’s analog, 
analog-to-digital, digital-to-analog, DC-to- 
DC converters, instrumentation amplifiers, 
multiplexers, operational amplifiers, and 
other components. It is a simple matter to 


display, for example, a list of all analog 
devices with a maximum of 0.1 percent feed¬ 
through and 0.5 percent total error (13 such 
devices are listed). You can then display or 
print detailed specifications. 

Burr-Brown updates the list twice a year 
by mailing out a new disk. The catalog is free 
from the manufacturer, which needs to know 
your name, title, company, and address. 
Contact: Burr-Brown Corp., Literature Dis¬ 
tribution Center, Box 11400, Tucson, Ariz. 
85734, or circle No. 102. 


Software product directories 

The army of PC software products parades 
through a series of new directories that could 
be of interest to the engineer. PC Techware 
Special Editions focus on software for the 
technical user. The engineering/program¬ 
ming edition includes software for 51 cate¬ 
gories, including artificial intelligence, 
computer-aided software engineering, com¬ 
munications, electronics, graphics, and 
programming tools. There is also a manufac¬ 
turing edition. Each edition sells for $75. 

Also available are product reports that list 
key features, price, system requirements, 
and a company contact for each product co¬ 
vered. These reports cover 85 categories 
and are priced between $10 and $45, de¬ 
pending on the number of products in the 
category. Contact: Information Age Publish¬ 
ing, 40 Beech Hill Rd., Exeter, N.H. 03833; 
603-778-1186, or circle No. 107 


SOFTWARE 


Electrical distribution analysis 

Electric utilities needing software for analyz¬ 
ing power distribution have many products 
to choose from. However, if they want the 
convenience of Microsoft’s Windows 3.0 
graphical interface, they might look into Dis¬ 
tribution Primary Analysis/Graphics (Dpa/g) 
version 3.0. 

According to the developer, Dpa/g offers 
full-featured analysis for a utility’s distribu¬ 
tion system from step-down stations to cus¬ 
tomers. It displays a graphical representa¬ 
tion of the distribution system, and the user 
can then select or modify any component 
with the aid of a mouse. Calculations per¬ 
formed by the package include balanced and 
unbalanced voltage analysis, power losses, 
and fault currents, as well as optimization of 
capacitor placement. The user may also ac¬ 
cess the relational data base with the Struc¬ 
tured Query Language (SQL). 

Dpa/g is available for $12 500. Contact: 
Scott & Scott, Fourth & Blanchard Build- 
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I IF YOUR IQ I 

I IS!/20F>/40F I 
I '/ioOFIO.560.1 

I REHDOH. I 

■ If your IQ measures at or above " 

I 132^ you're Mensa material. Take our ■ 
I at-home potest to see whether you | 
may qualify to join, or let our bro- 
I chure tell you if you've already quali- I 
" fied. In Mensa, intellectual stimu- " 
I lation is a mathematical certainty. ■ 


City/State/Zip- 

□ Send me the Mensa brochure. 

□ I'll try the at-home pre-test. Enclosed is 
$12.00 (check or money order in US. 
funds oniy, please). 



mensa 

The High IQ Society. 


I Send to: MENSA, Dept. SP31, 2626 East 
14th Street, Brooklyn, NY 11235-3992 

Circle No 30 
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EEs’ tools & toys 

ing, Suite 303, 2101 Fourth Me., Seattle, 
Wash. 98121-2375; 800-325-1494, or circle 
No. 103. 


Nuclear analysis on a PC 

Nuclear multichannel analyzers for IBM PC 
compatibles have been around for about 
seven years. Now, one vendor has revised 
its product to run under Microsoft’s Win¬ 
dows 3.0. 'The Maestro software package can 
display several spectra simultaneously, iden¬ 
tify spectra peaks, perform nuclide identifi¬ 
cation, and calculate online activity. 

Maestro makes use of Windows in sever¬ 
al ways. The graphical interface provides the 
user with an easy means of examining data 
and requesting analysis. Multiple copies may 
be displayed simultaneously. And in 80386- 
based systems different tasks can be execut¬ 
ed simultaneously (multitasking). 

Maestro works with the Spectrum Mas¬ 
ter line of data acquisition haMware built by 
the same vendor. It is available now for $850. 
Contact: EG&E Ortec, 100 Midland Rd., 
Oak Ridge, Tenn. 37831-0895; 800-251-9750, 
or circle No. 104. 


The sound of data 

If seeing it isn’t good enough, you might con¬ 
sider listening to your data. Mathematica 2.0 
converts your data into sound on computers 
such as the Macintosh or NeXT that have 
built-in audio capability. If your workstation 
has a lab notebook environment you will 
even be able to paste sound into documents. 
The program allows any mathematical func¬ 
tion to be converted into audio because the 
developer feels that sound is a very useful 
method of interpreting and analyzing data. 
Douglas Stein, a software engineer at the 
company, went so far as to say “sound is 



Work in knot theory, a branch of pure 
mathematics, can be aided by Mathematica’s 
parametric plotting facility. Shown is a (3,4)- 
torus knot. Similar figures have been allied 
to molecular biology and theoretical physics. 

graphics and graphics is sound.” 

But even if your computer does not sup¬ 
port sound, you can benefit from this visual 
data analysis tool. The high-level command 
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language allows numeric, symbolic, and 
graphical computation. Platform-specific 
front ends allow it to be used interactively. 
There are 843 mathematical functions to 
choose from. 

Mathematica 2.0 is to become available 
before the second quarter of 1991 on many 
platforms, including 386-based machines and 
Macintosh and Unix workstations. Until it 
is ready, customers may buy Version 1.2 at 
a 25 percent discount and receive a free up¬ 
grade to Version 2.0 later. Prices start at 
$595 for the standard Macintosh version. 
Contact: Wolfram Research Inc., 100 Trade 
Center Dr., Champaign, III. 61820; 217-398- 
0700, or circle No. 105. 


REFERENCES 


The world at your fingertips 

New atlas programs from The Software 
Toolworks bring valuable information to 
those involved in international business or 
just interested in the world around them. 
The same source also supplies a reference 
library on ROM. 

World Atlas combines an atlas, almanac, 
and fact book for research in seven areas: 
geography, people, government, travel, 
economy, defense, and communications. 
Countries are presented in more than 240 
EGAA^GA color maps, which can be export¬ 
ed in a number of standard formats to desk¬ 
top publishing, paint, or word-processing 
programs. A US. Atlas, containing detailed 
information on the United States, is also 
available. Data can be recalled by state or 
city and includes information on topics such 
as population, tourism, latitude and longi¬ 
tude, and highways. The software runs on 
IBM PC, XT, AT, and PS/2 computers and 
compatibles and is also available for Macin¬ 
tosh computers. Compact-disc ROM (CD- 
ROM) versions are also available. 

The World Atlas and US. Atlas are $59.95 
each. The Atlas Pack, a combination of both 
atlases, is available for $109.95. 

The Software Toolworks’ reference li¬ 
brary packs volumes of frequently used 
sources into a single CD-ROM. Included are 
The New York Public Library Desk Reference, 
Webster’s New World Dictionary (third edi¬ 
tion), Webster’s New World Thesaurus and 
New World Guide to Concise Writing, Dic¬ 
tionary of 20th Century History, J.K. Lass- 
er’s Legal and Corporation Forms for the 
Smaller Business, and the National Direc¬ 
tory of Addresses and Telephone Numbers. 

■The reference is available for IBM and 
compatible computers for $149. Contact: The 
Software Toolworks, 60 Leveroni Court, 
Novato, Calif. 94949; 800-231-3088; fax, 
415-883-3303, or circle 108 for the atlases, 
109 for the CD-ROM library. 


COORDINATOR: Dennis DiMaria 
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CLASSIFIED ElVIPLOYIVIENT OPPORTUNITIES 


The following listings of interest to IEEE members have been placed by educational, government, and industrial organizations 
as well as by individuals seeking positions. To respond, apply in writing to the address given or to the box number listed in 
care of Spectrum Magazine, Classified Employment Opportunities Department, 345 E. 47th St., New York, N.Y. 10017. 
Advertising rates 

Positions open: $34.00 per line, not agency-commissionable 
Positions wanted: $34.00 per line, a 50% discount for IEEE members who supply 
their membership numbers with advertising copy 

All classified advertising copy must be received by the 25th of month, two months preceding date of issue. No telephone ord¬ 
ers accepted. For further information contact Theresa Fitzpatrick, 212-705-7578. 

IEEE encourages employers to offer salaries that are competitive, but occasionally a salary may be offered that is significant¬ 
ly below currently acceptable levels. In such cases the reader may wish to inquire of the employer whether extenuating cir¬ 
cumstances apply. 


Academic 

Positions Open 


Auburn University—Earle C. WIiliams Eminent 
Scholar Chair in Electricai Engineering. Nomi¬ 
nations and appiications are invited for the 
Earle C. Williams Eminent Schoiar Chair in Elec¬ 
trical Engineering. Candidates for this chair 
should have achieved national and internation¬ 
al prominence in digitai systems and/or microe¬ 
lectronics. Applicants or nominees must have 
an earned doctorate, senior academic ex¬ 
perience, and a documented record of distinc¬ 
tion in university teaching and research. The 
successful candidate will be expected to pro¬ 
vide inteliectual ieadership in his/her area of ex¬ 
pertise for the Department of Electrical En¬ 
gineering as well as enrich the scholarly en¬ 
vironment at Auburn University. Auburn Univer¬ 
sity is located in the city of Auburn in 
east-cental Alabama. This land-grant univeristy 
enrolls more than 21,000 students, the largest 
on-campus enrollment in the state. The Depart¬ 
ment of Electrical Engineering, one of eight 
departments within the College of Engineering, 
offers Bachelor, Master, Master of Science and 
Ph.D. degrees in Electrical Engineering. The 
department has a current enrollment of 939 un¬ 
dergraduate students and 100 graduate stu¬ 
dents. The 28 full-time faculty have an annual 
research expenditure of approximately $2 mil¬ 
lion. The Search Committee will begin its review 
of applications immediately. Interested candi¬ 
dates should submit: (1) a detailed resume, (2) 
a letter indicating an interest in the chair, the 
candidates’s academic philosophy, and a brief 
statement of accomplishments in teaching and 
research, and (3) names and addresses of five 
references. Nominations should be submitted 
with the complete name, mailing address and 
telephone number of the individual nominated. 
Applications and nominations should be sent 
to Professor J. David Irwin, Department of Elec¬ 
trical Engineering, Auburn University, AL 
36849-5201. Auburn University Is an affirmative 
action/equal opportunity employer. Applica¬ 
tions from minority and female candidates are 
encouraged. 

University of Illinois at Urbana-Champaign. The 
Departments of Electrical and Computer En¬ 
gineering invites applications for several tenure 
track and tenured faculty positions. Applicants 
must have an earned Ph.D., outstanding aca¬ 
demic credentials, and an ability to teach effec¬ 
tively at both the graduate and undergraduate 
levels. Selected candidates will be expected to 
initiate and carry out independent research and 
to perform academic duties associates with our 
B.S., M.S., and PhD. programs. The department 
has one of the largest programs in the United 
States granting approximately 400 B.S., 100 M.S. 
degrees and 65 Ph.D. degrees. Research is con¬ 
ducted in acoustics, bioengineering, communi¬ 
cations, computer engineering, computer vi¬ 
sion & robotics, control, electromagnetics, in¬ 
tegrated circuits, laser and electro-optics, 
microelectronics, power systems and power 
electronics, signal processing, and remote 
sensing. Particular need exists for faculty in 
communication systems. However, all candi¬ 
dates judged to have outstanding qualifica¬ 
tions for a position in any of the above areas will 
be interviewed. The University of Illinois is an 
equal opportunity/affirmative action employer. 
Send resume, with references and a list of pub¬ 


lications, to: Faculty Search Committee, 
Department of Electrical and Computer En¬ 
gineering, 1406 West Green Street, University of 
Illinois, Urbana, IL 61801. 

University of Illinois at Chicago—Instructor- 
ships and Tenure-Track faculty positions in elec¬ 
trical engineering and computer science at 
both the Junior and senior level are available. 
Rank and salary commensurate with qualifica¬ 
tions. An earned Doctorate in EE or CS must be 
completed by date of appointment, but not for 
the instructorships. Demonstrated teaching 
and research abilities are highly desirable. For 
full consideration, please send resume, list of 
publications, and the names of at least three 
references by April 30,1991, to Dr. Wai-Kai Chen, 
Head, Department of Electrical Engineering 
and Computer Science (M/C 154), University of 
Illinois at Chicago, P.O. Box 4348, Chicago, IL 
60680. The University of Illinois is an Affirma¬ 
tive Action/Equal Opportunity Employer. 

Texas A&M University. The Electrical Engineer¬ 
ing Department has several openings for tenure 
track faculty at all ranks. Applicants must have 
a Ph.D. degree. For senior positions, the in¬ 
dividuals should have a proven record of schol¬ 
arly contributions, and for junior positions, 
demonstrated potential for quality research 
and teaching is necessary. The salary is com¬ 
petitive and commensurate with qualifications 
and experience. The Department has 1300 un¬ 
dergraduate students, 350 graduate students 
and a faculty of 56. Currently the active areas 
of graduate programs include digital and ana¬ 
log microelectornios , electronic and magnet¬ 
ic materials and devices, electromagnetics, 
micorowave engineering, computer engineer¬ 
ing, electrooptics, telecommunications, con¬ 
trols, signal processing, electric power sys¬ 
tems, and power electronics. Qualified individu¬ 
als having expertise in any of these research 
areas are urged to apply. The Department has 
a particular interest in hiring outstanding 
faculty in the areas of computer engineering, 
microelectronics, electronic materials, elec¬ 
tromagnetics, microwave engineering, power 
systems automation, solid state electronics 
and signal processing. Applicants should send 
a complete resume, including names and ad¬ 
dresses of three references to Dr. J.W. Howze, 
Department Head, Electrical Engineering 
Department, Texas A&M University, College Sta¬ 
tion, TX 77843. Texas A&M University is an equal 
opportunity/affirmative action employer, and 
actively seeks the candidacy of women and 
minorities. 

Illinois Institute of Technology, Department of 
Electrical and Computer Engineering invites ap¬ 
plications for tenure track and tenured faculty 
positions in the areas of computer, communi¬ 
cation, electromagnetics, and power. Please 
send resume to Chair of Faculty Search Com¬ 
mittee, Department of Electrical and Computer 
Engineering, Illinois Institute of Technology, 
Chicago, Illinois 60616. IIT is an equal opportu¬ 
nity/affirmative action employer. 

Electrical Engineering: Tenure track position 
available July 1,1991 at the assistant professor 
level (higher rank considered based on ex¬ 
perience). We are looking for someone with a 
background in power systems and/ or elec¬ 
tromechanical energy conversion. A strong 
commitment to undergraduate teaching is es¬ 
sential as is a desire to become involved in our 


broad-based lab oriented curriculum. Ph.D. pre¬ 
ferred but will consider M.S. with significant 
relevant experience. U.S. citizenship or perma¬ 
nent residency strongly preferred. Norwich 
University is located in an area of central Ver¬ 
mont that offers small-town or rural living with 
good schools and outstanding recreational op¬ 
portunities. Send resume and references to: 
Prof. William Till, Chairman, Dept, of Electrical 
Engineering, Norwich University, Northfield, VT 
05663. Position open until filled. EOE, women 
encouraged to apply. 

Faculty Positions in the Electrical Engineering 
Department at The University of North Caroli¬ 
na at Charlotte, Charlotte, NC 28223. The Elec¬ 
trical Engineering Department at the Universi¬ 
ty of North Carolina at Charlotte invites appli¬ 
cations for two tenure-track positions at the As¬ 
sistant, Associate, or Full Professor level. Areas 
of interest include signal and image processing/ 
communications (including optical signal pro¬ 
cessing and telecommunications), and microe¬ 
lectronics (including optoelectronics, process 
technology, system integration, nonometric 
devices, and analog/digital VLSI design). Posi¬ 
tions begin Fall of 1991. The University of North 
Carolina at Charlotte is one of the largest insti¬ 
tutions of the UNC system. It has over 14,000 
students, including 2,125 graduate students in 
the six colleges. The department is one of five 
in the College of Engineering and currently en¬ 
rolls 350 students, of which 50 are graduate stu¬ 
dents and Postdoctoral Research Associates. 
Computer facilities include micros, minis, work¬ 
stations and free access to Cray YMP super¬ 
computer. The laboratory facilities include a 
class 100 clean room with complete integrated 
circuit and microstructure fabrication capabil¬ 
ities, laboratories for measuring the electrical 
properties of the insulator-semiconductor sur¬ 
face, computerized 1C test facilities, laser 
electro-optic laboratory, dry processing labora¬ 
tory for VLSI fabrication, and MBE laboratory 
for quantum well superlattice and optoelectron¬ 
ic materials. As a participating institution of 
MCNC (Microelectronics Center of North Caro¬ 
lina), the faculty have access to the MCNC fa¬ 
cilities with capabilities of submicron 1C de¬ 
sign, fabrication, test, and semiconductor 
materials analysis. Charlotte is the largest city 
in the Carolinas and offers good schools and 
attractive housing. The 100,000 sq. ft. engineer¬ 
ing building and a 75,000 sq. ft. applied research 
building are located adjacent to the 2,800 acre 
University Research Park. Various forms of ca¬ 
reer development support are available. Appli¬ 
cants should have a Ph.D. degree or equivalent 
and have commitment to teaching and pursu¬ 
ing research. Industrial and research ex¬ 
perience is desirable. Rank and salary commen¬ 
surate with experience. Applications will be ac¬ 
cepted until March 1,1991. Initial screening be¬ 
gins February 1,1991. Applications, including a 
resume and four references, should be sent to: 
Rafic Makki, Chairman, Search Committee, 
Electrical Engineering Department, UNC- 
Charlotte, Charlotte, NC 28223. UNC-Charlotte 
is an equal opportunity affirmative action em¬ 
ployer, and complies fully with the immigration 
Reform and Control Act of 1986. 

Electronic Engineering Technology. Mankato 
State University invites applications for tenure 
track position in ABET accredited four-year pro¬ 
gram. An earned Doctorate degree is preferred 
but serious consideration is given to an MS de¬ 
gree with recent industrial experience in elec- 
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trioal engineering. Rank and saiary are negotia¬ 
ble. Salaries are competitive. Preference is giv¬ 
en to individuals with interests in power elec¬ 
tronics and electromechanics. The Department 
offers a stimulating professional environment, 
excellent computer and shop facilities as well 
as newly equipped microprocessor, communi¬ 
cations, control, microelectronics and elec¬ 
tromechanics laboratories. Mankato State 
University has an enrollment of 16,000 students 
and is located 70 miles southwest of the Min¬ 
neapolis/St. Paul metropolitan area. Send re¬ 
sume indicating teaching interests, experience 
and names of three references with phone num¬ 
bers to: Dr. Carl Gruber, Chairman, Department 
of Electrical Engineering and Electronic En¬ 
gineering Technology, MSU Box 215, Mankato 
State University, Mankato, MN 56002-8400; (507) 
389-6536. Deadline March 31 or until filled. 

The Johns Hopkins University, Department of 
Electrical and Computer Engineering, invites 
applicants for tenure-track faculty positions at 
the Assistant or Associate Professor level, in 
the solid state/quantum electronics area and in 
computer engineering. Candidates for Associ¬ 
ate Professor appointments are expected to 
have significant research records and a demon¬ 
strated ability to develop funded research pro¬ 
grams. Candidates for Assistant Professor ap¬ 
pointments are expected to show strong re¬ 
search potential. All candidates should have a 
doctorate (preferably in electrical engineering) 
and a strong commitment to teaching and re¬ 
search. Applications should be sent to Profes¬ 
sor C.R. Westgate, Chair, Department of Elec¬ 
trical and Computer Engineering, The Johns 
Hopkins University, Baltimore, MD 21218. The 
Johns Hopkins University is an equal opportu¬ 
nity/affirmative action employer. 

The Bradley Department of Electrical Engineering 

of Virginia Polytechnic Institute and State 
University invites applications for several ten¬ 
ure track faculty positions. Greatest needs are 
in the areas of electronic materials (a joint po¬ 
sition with Materials Engineering Department) 
and communications with emphasis on high 
frequency electronics. Consideration will be 
given to applicants in all areas at the Assistant 
and Associate Professor level. Applioants must 
have an earned doctorate, be interested in un¬ 
dergraduate and graduate teaching, and be will¬ 
ing to secure research sponsorship. Virginia 
Tech is Virginia’s land grant university offering 
degrees through the Ph.D. Send complete re¬ 
sume with references and employment/citizen¬ 
ship status to: Prof. W.L. Stutzman, Chairman, 
Personnel Committee, Bradley Department of 
Electrical Engineering, Virginia Tech, Black¬ 
sburg, VA 24061-0111. Applications will be ac¬ 
cepted until April 15,1991, or until suitable can¬ 
didates are selected. Virginia Tech is an Equal 
Opportunity/Affirmative Action Employer. 

The Bradley Department of Electrical Engineering 

and the Department of Materials Engineering 
of Virginia Polytechnic Institute and State 
University Invites applications for a joint ap¬ 
pointment in the Electrical Engineering and 
Materials Engineering Departments. The As¬ 
sociate Professor position will be half-time In 
each department with teaching and research 
responsibilities in both. The Bradley Depart¬ 
ment of Electrical Engineering has 55 faculty, 
1100 undergraduate students, and 300 graduate 
students. Annual research expenditures exceed 
$4 million. The EE Department has many re¬ 
search and teaching laboratories including the 
Electronic Materials and the Hybrid Microelec¬ 
tronics Laboratories. The Department of Materi¬ 
als and Engineering consists of 13 faculty and 
approximately 80 undergraduate and over 40 
graduate students. The curriculum includes 
topics in the areas of ceramic, metallic, poly¬ 
meric, electronic and composite materials. Cur¬ 
rent research funding is approximately $1.4 mil¬ 
lion annually. Many opportunities exist for in¬ 
terdisciplinary research with centers on cam¬ 
pus performing related research. Applicants 
must have an earned doctorate, be interested 
in undergraduate and graduate teaching,.and 
be willing to secure research sponsorship. Vir¬ 
ginia Tech is Virginia’s land grant university 
offering degrees through the Ph.D. Applications 
from members of minority groups and women 
are encouraged. Send complete resume with 
references and employment/citizenship status 
to: Professor W.L. Stutzman, Chairman, Person¬ 


nel Committee, Bradley Department of Electri¬ 
cal Engineering, Virginia Tech, Blacksburg, VA 
24061. Applications will be accepted until May 
15,1991, or until suitable candidates are select¬ 
ed. VirginiaTech Is an Equal Opportunity/Affirm¬ 
ative Action Employer. 

Telecommunications—SMU. The Electrical En¬ 
gineering Department in the School of En¬ 
gineering and Applied Science at Southern 
Methodist University has an opening for a sen¬ 
ior level tenure-track position in the area of tele¬ 
communications. Rank and salary are commen¬ 
surate with qualifications. Candidates for this 
position must be able to provide leadership for 
the development of a nationally recognized pro¬ 
gram of research, instruction, and industrial 
collaboration In modern digital and analog 
switched telecommunication systems. Of par¬ 
ticular but not exclusive Interest are the areas 
of software technology applied to integrated 
broadband communications and computing en¬ 
vironments; network architecture and protocol 
design for broadband high speed communica¬ 
tions; interconnection of local area networks; 
and performance analysis and modeling of 
multi-media communications. Candidates 
must have an outstanding research record, a 
dedication to teaching, and a commitment to 
promote cooperation with industry. Dallas’ pre¬ 
eminent position in the telecommunications 
field provides many opportunities for collabo¬ 
ration. Interested individuals should send re¬ 
sumes and the names of three references to: 
Professor Jerome K. Butler, Chair, Electrical En¬ 
gineering Department, SMU, Dallas, TX 
75275-0335. Tel: (214) 692-3113. Applications will 
be accepted until April 15. Southern Methodist 
University is an affirmative action/equal oppor¬ 
tunity. Title IX employer and specifically invites 
and encourages applications from women and 
minorities. 


Department Head, Engineering Technoiogy. Ap¬ 
plicants for this 12-month position must have 
demonstrated teaching excellence, leadership 
capability and administrative experience. In¬ 
structional assignment is tenure-track. 
Master’s in Engineering or Engineering Technol¬ 
ogy, RE. registration, and relevant U.S. industri¬ 
al experience required. Salary and rank com¬ 
mensurate with experience and qualifications. 
Position available Sep. 1,1991. The search will 
continue until position filled, but first consider¬ 
ation will be given to completed applications 
received by April 1,1991. For information, call 
(805) 756-1138. Submit applications to: Dean’s 
Office, School of Engineering, Cal Poly, San 
Luis Obispo, CA93407. All qualified persons, es¬ 
pecially women and minorities are encouraged 
to apply. AA/EOE. 


UNIX System Manager and Trainee Systems Ad¬ 
ministrator. The Institute of Systems Science is 
a dynamic world class institute for information 
and systems technology thriving on research 
culture and entrepreneurship; and delivering 
new ideas and products through research, de¬ 
velopment and education in strategic partner¬ 
ship with organizations. ISS has vacancies for: 
1. System Manager—Your primary task is to con¬ 
duct system management activities for UNIX 
workstations, training and supervision of sys¬ 
tem support staff reporting to you. Duties in¬ 
clude network configuration, installation of 
security procedures and regular backups, 
procurement and vendor liaison. Installation of 
hardware and software, technical support to re¬ 
search staff, long term planning and design 
strategies for system facilities and resources. 
ISS has a multi vendor computing environment. 
You will most likely have knowledge in the fol¬ 
lowing key technologies: ethernet, TCP/IP, NFS, 
X-Windows, IBM SNA & 3270 Protocol, 3Com, 
UNIX, MS-DOS, Apple Macintosh. You will be 
primarily responsible for all shared workstation 
services. This will include network connectivi¬ 
ty support for project specific workstations 
such as Silicon Graphics IRIS and IBM RS6000 
workstations. In addition to internal connectivi¬ 
ty the candidate will have to liaise with the 
university on services available over the Cam¬ 
pus LAN, specifically access to the internation¬ 
al Internet network and mainframe and X. 400 
mall gateway services. You should have a 
bachelor’s degree from a reputable university 
specializing in Computer Science or Electrical 
Engineering and should have at least 4 years ex¬ 
perience in systems administration and In the 


management of UNIX machines, good interper¬ 
sonal skills, vendor development experience 
and experience in managing people reporting 
to you. 2. Trainee System Adminstrator—This 
position is for applicants from Asian countries 
who are keen to return to the region. You will as¬ 
sist senior system administration staff in day 
to day system and software Installation and 
maintenance: and also in system programming. 
You will perform backups, shutdowns and mon¬ 
itor disk space utilization. You should possess 
a degree in Computer Science or Electrical En¬ 
gineering from a recognized University. You 
should also be proficient in C and the UNIX 
operating system. We offers stimulating work 
environment in one of the most advanced com¬ 
puting facilities in the region, —a competitive 
salary and attractive fringe benefits. If you are 
ready to take up this opportunity, please send 
your resume to the Director of Personnel, Na¬ 
tional University of Singapore, 10 Kent Ridge 
Crescent, Singapore 0511 or fax ISS Recruit¬ 
ment Manager (UNIX Systems) at (65)-775-0938 
or Bitnet ISSAPPLY@NUSVM. 

Wright State University, Department of Com¬ 
puter Science and Engineering invites appli¬ 
cants for tenure-track and visiting faculty posi¬ 
tions at all ranks. The successful candidate 
must have a Ph.D. in computer science, com¬ 
puter engineering, or equivalent background 
and have demonstrated forward looking and 
creative research. Further desired attributes in¬ 
clude: capability to direct Ph.D. candidates In 
computer science or computer engineering and 
the ability to acquire funds and/or direct re¬ 
search projects. Preferred technical areas are 
distributed systems, networking, and database, 
but other areas will be considered. Rank and 
competitive salaries are determined by qualifi¬ 
cations and experience. The University is locat¬ 
ed in a high technology environment among in- 
dustrial/mllitary research and development fa¬ 
cilities, including Wright Patterson Air Force 
Base and NCR. Department strengths include 
a fully networked Unix environment of Sun & 
DEC workstations; Cray access; graduate 
laboratories In Al, optical computing, neural 
networks, and robotics; established research 
programs; industrial/military support; degree 
programs in both computer science and com¬ 
puter engineering; and a large graduate student 
population. Please submit a detailed resume in¬ 
cluding names of three references to: CSNET 
address—amcaulay@cs.wright.edu or Alastair 
D. McAulay, NCR Distinguished Professor and 
Chair, Department of Computer Science and 
Engineering, Wright State University, Dayton, 
Ohio 45435. Pending availability of funding, 
reviewing for positions will begin February 15, 
1991 and continue monthly until positions are 
filled or until September 1,1991. An Equal Op¬ 
portunity/Affirmative Action Employer. 

University of Toronto, Department of Electrical 
Engineering. The Department of Electrical En¬ 
gineering invites applications tor three tenure- 
stream Assistant Professor positions, one in 
the area of Communications and two in the area 
of Computer Engineering, available immediate¬ 
ly. Subareas of specialization include, but are 
not limited to: telecommunication, communica¬ 
tion networks, software systems, and computer 
architecture. These positions involve both re¬ 
search and teaching at the undergraduate and 
graduate levels. Applicants must have a doctor¬ 
al degree, an outstanding academic record and 
effective teaching ability. These positions are 
three of several that will become available over 
the next three years as a result of the expansion 
of the Department of Electrical Engineering and 
the establishment of a new undergraduate pro¬ 
gram in Computer Engineering. Applioants 
should send a curriculum vitae, a statement 
concerning teaching and research interests, 
and a list of three references to: Professor A.S. 
Sedra, Chairman, Department of Electrical En¬ 
gineering, University of Toronto, Toronto, On¬ 
tario, Canada M5S 1A4. In accordance with 
Canadian immig^ration requirements, priority 
will be given to Canadian citizens and perma¬ 
nent residents of Canada. The University en¬ 
courages both women and men to apply. 

Dean of the College of Engineering, The Ohio 
State University. The Ohio State University in¬ 
vites applications and nominations for the po¬ 
sition of Dean of the College of Engineering. 
The Dean will lead a distinguished 260-person 
faculty, serving 4,500 undergraduate and 1,400 
graduate students in 16 academic units. The 
Dean will administer a total budget of 
$90,000,000, including the sixth largest engi- 
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neering college research budget Irt the United 
States, and will have the support of 30,500 Col¬ 
lege of Engineering alumni. The candidate 
should be recognized leader in administration, 
research and teaching. The Dean will be a key 
member of the university leadership and will be 
expected to contribute to the broad academic 
and cultural missions of the entire university. 
The position will be available July 1,1991. The 
Ohio State University is an equal opportunity/af¬ 
firmative action employer, and the candidate 
must be committed to these principles. The 
Search Committee will accept and review appli¬ 
cations until the position is filled. Send appli¬ 
cations and nominations, including curriculum 
vitae and the names of three references to 
Professor Leon Peters, Jr., Chair, Search Com¬ 
mittee for The Dean of the College of Engineer¬ 
ing, Department of Electrical Engineering, The 
Ohio State University, 2015 Neil Avenue, Colum¬ 
bus, OH 43210. 

Clarkson University, Electrical and Computer 
Engineering. Applications are invited for a 
tenure-track faculty position as Assis¬ 
tant/Associate/Full Professor in the area of 
computer engineering. Responsibilities include 
undergraduate and graduate teaching and de¬ 
velopment of a research program. A doctorate 
is required. Review of applications will begin on 
March 31st and will continue until the position 
is filled. The department offers programs at the 
B.S., M.S., and Ph.D. levels. Last year 196 
bachelors, 15 masters, and 7 doctorates were 
awarded, and research funding reach more than 
one million dollars. Principle research areas in¬ 
clude distributed and parallel computation, ar¬ 
tificial intelligence, image and signal pro¬ 
cessing, neural networks, robotics and control, 
communication systems solid state devices, 
electromagnetic scattering, power systems, 
and electromagnetic devices. There are re¬ 
search labs in artificial intelligence and neural 
computing, VLSI design, robotics, lasers and 
optics, solid state device fabrication, high volt¬ 
age engineering, and dielectric breakdown. 
Clarkson Is an Independent university specializ¬ 
ing in engineering, science and management 
with an enrollment of 3300 students, including 
400 graduate students. Located in northern New 
York, Clarkson is midway between the Adiron¬ 
dack Mountains and the St. Lawrence River, 80 
miles from Lake Placid and a two-hour drive 
from Ottawa and Montreal. Send af^lications 
to Professor Henry Domingos, Chairman, 
Department of Electrical and Computer En¬ 
gineering, Clarkson University, Potsdam, New 
York 13699-5720. Clarkson is an Equal Opportu¬ 
nity/Affirmative Action Employer. 

Concordia University, Department of Electrical 
and Computer Engineering. The Department of 
Electrical and Computer Engineering invites ap¬ 
plications for a tenure-track faculty position at 
the assistant professor level. Candidates must 
have experience in analog electronic circuit de¬ 
sign, have a familiarity with VLSI technological 
processes, VLSI hardware implementation of 
analog electronic circuits and signal pro¬ 
cessing systems. Also considered an asset is 
familiarity with silicon compilation of analog 
electronic circuits. Strong candidates in relat¬ 
ed areas will also be considered. Responsibili¬ 
ties include graduate and undergraduate teach¬ 
ing, research and supervision of graduate stu¬ 
dents. Candidates should have a Ph.D. in Elec¬ 
trical or Computer Engineering or Computer 
Science, and a strong interest in both research 
and teaching. The department currently has 
twenty-four full-time faculty members and has 
strong graduate and undergraduate programs. 
Applicants should send a resume and names 
and addresses of at least three references to: 
Dr. P.D. Ziogas, Chairperson, Department of 
Electrical and Computer Engineering, Concor¬ 
dia University, 1455 de Maisonneuve Blvd., 
West, Montreal, Quebec H3G 1M8. FAX: (514) 
848-2802. In accordance with Canadian Im¬ 
migration requirements, priority will be given to 
Canadian citizens and permanent residents of 
Canada. We also invite and encourage applica¬ 
tions from female candidates. 

Concordia University, Department of Electrical 
and Computer Engineering. The Department of 
Electrical and Computer Engineering invites ap¬ 
plications for a full-time, tenure-track faculty 
position at the Assistant Professor level. Can¬ 
didates should have considerable experience in 
the design of electric machines and ac drive 
systems using modern control techniques. In¬ 
dustrial experience in modern machines and 
drive systems design and development is con¬ 


sidered very important. Responsibilities in¬ 
clude graduate and undergraduate teaching, re¬ 
search and supervision of graduate students. 
Candidates should have a Ph.D. in Electrical En¬ 
gineering, and a demonstrated interest in both 
research and teaching. The department current¬ 
ly has twenty-four full-time faculty members 
and has strong graduate and undergraduate 
programs. Applicants should send a resume 
and names and addresses of at least three 
references to: Dr. P.D. Ziogas, Chairperson, 
Department of Electrical and Computer En¬ 
gineering, Concordia University, 1455 de 
Maisonneuve Blvd., West, Montreal, Quebec 
H3G 1M8. FAX: (514)848-2802. In accordance 
with Canadian Immigration requirements, pri¬ 
ority will be given to Canadian citizens and per¬ 
manent residents of Canada. We also invite and 
encourage applications from female can¬ 
didates. 

Electronics and Instrumentation: The Universi¬ 
ty of Arkansas at Little Rock invites applica¬ 
tions and nominations for the position of Chair¬ 
person for the Department of Electronics and 
Instrumentation. The department offers a 


M.S. and Ph.D. degrees in instrumental 
sciences. Current faculty represent a wide 
range of instrumentation disciplines, with back¬ 
grounds in chemical, electrical, civil, and bio¬ 
medical engineering, as well as chemistry, com¬ 
puter science, and physics. Major research 
areas of the department are in biomedical en¬ 
gineering, NMR, particle technology, optics, 
process control, and analytical instrumenta¬ 
tion. Candidates with backgrounds in in¬ 
strumentation are encouraged to apply. Candi¬ 
dates must hold Ph.D. degree in a related dis¬ 
cipline and should have an outstanding record 
of scholarly achievement in research and 
demonstrated administrative capability. The 
Chair is expected to provide leadership in aca¬ 
demic and research areas, and also should plan 
to carry on an active research program. The ap¬ 
pointment will be on a 12-month basis with a 
salary to be commensurate with qualifications 
and experience. Rank and tenure are negotia¬ 
ble. Please send application, resume and a list 
of three references to: Dr. Malay Mazumder, 
Chairman of Search Committee, Department of 
Electronics and Instrumentation. University of 
Arkansas at Little Rock, 2801 South University, 
Little Rook, AR 72204 by March 31,1991. Appli¬ 
cations received by this day are assured con¬ 
sideration; however, we will continue to accept 
applications until the position is filled. Applica¬ 
tions will be subject to inspection under the Ar¬ 
kansas Freedom of Information Act. The Univer¬ 
sity of Arkansas at Little Rock is an affirmative 
action, equal opportunity employer and active¬ 
ly seeks the candidacy of minorities and 
women. 

National ChiaoTung University. The Institute of 
Electro-Optical Engineering invites ex¬ 
perienced applications with Ph.D. at the Asst, 
and Assoc. Professor level. Specialties sought 
in the area of Optical System Design, Optical 
Materials, Infrared System. Please send resume 
to Prof. Shu-Hsia Chen, Director, Institute of 
Electro-Optical Engineering, National Chiao 
Tung University, 1001 Ta Hseuh Road, Hsinchu, 
Taiwan 30050, R.O.C. Tel: 886-35-712121-4207, 
886-35-4207, FAX: 886-35-714031. 

Stocker Visiting Chair in Electrical and Com¬ 
puter Engineering at Ohio University. Applica¬ 
tions and nominations are being accepted tor 
the position of Stocker Visiting Professor in 
Electrical and Computer Engineering (ECE). 
The ECE Department at Ohio University has 
twenty full-time and four part-time faculty, 450 
undergraduate students and 80 graduate stu¬ 
dents. External research support in ECE ex¬ 
ceeds $2.3M per year, a large portion of which 
comes via the Avionics Engineering Center, a 
unit of ECE. The ECE Department is housed in 
the $15M Stocker Engineering Center. The 
Stocker Chair position is supported through the 
Stocker Endowment, presently worth more than 
$13M. Qualif(cations for consideration for the 
Stocker Chair position include noteworthy 
achievements in research and teaching or in¬ 
dustry/government. The individual selected for 
this position is expected to teach, participate 
in Departmental research, and be available to 
present and conduct invited seminars/lectures 
at various universities, including O.U. The max¬ 
imum term of appointment for this position is 
three years; a lesser term can be negotiated. 
Stocker Professors are provided part-time 
secretarial support, a travel allowance, special 


office accommodations, and equipment/sup¬ 
plies support, if needed. In addition, modest fur¬ 
nished living quarters, specifically designated 
as Stocker Chair Apartments, are available for 
Stocker Professors and their spouses. Salary 
for the positions is negotiable. The ECE Stock¬ 
er Chair position is ideal for a person who wish¬ 
es to take leave from his/her present employer. 
Applications and nominations will be accept¬ 
ed until the positions Is filled. Please send a re¬ 
sume with at least three references or your 
nomination to Dr. Jerrel R. Mitchell, Stocker 
Center, Ohio University, Athens, OH 45701-2979. 
Preference will be given to U.S. citizens and per¬ 
manent residents. Ohio University is an equal 
opportunity and affirmative action employer. 

Faculty Position. Cooper Industries Professor 
of Electrical Engineering: The Electrical and 
Computer Engineering Department at Ohio 
University is continuing its search for a senior 
tenure-track faculty member. The Cooper Indus¬ 
tries Professor of Electrical Engineering will be 
expected to teach and develop a sponsored re¬ 
search program in power electronics and.or in¬ 
dustrial controls. A demonstrated ability to In¬ 
teract with industrial sponsors is essential. The 
successful candidate is expected to take a lead¬ 
ing role In developing a multi-disciplinary pro¬ 
gram in computer-integrated manufacturing. 
Candidates must have an earned Ph.D. in en¬ 
gineering, a demonstrated record of teaching 
(undergraduate and graduate) and significant 
experience in promoting and conducting spon¬ 
sored research. Interviews will continue until 
the position is filled. Send resume and a list of 
four references to H.W/. Hill, Jr., ECE Depart¬ 
ment, Ohio University, Athens, OH 45701-2979. 
Ohio University is an equal opportunity, affirm¬ 
ative action employer. 

Post Doctoral positions available in Depart¬ 
ment of Electrical Engineering at Princeton 
University to conduct research in electronic 
materials, computer engineering or information 
science and systems. Respond to Ms. Carol 
Desmond, Department Manager, Dept, of EE 
B210 E-Quad, Princeton University, Princeton, 
NJ 08544. Princeton is an Equal Opportunity/Af¬ 
firmative Action Employer. 

The George Washington University Electrical 
Engineering and Computer Science Tenure- 
Track Faculty Positions. Tenure-track faculty po¬ 
sitions at the assistant, associates, and full 
professor rank are available commencing Fall 
Semester 1991, in the Department of Electrical 
Engineering and Computer Science of the 
School of Engineering and Applied Science. Ap¬ 
plicants are sought to conduct research and 
teach in the areas of communications, data 
communications/computer networks, tele¬ 
communications, computer graphics, analog 
electronics/VLSI, and computer engineering. 
Applications from other highly-qualified in¬ 
dividuals are encouraged. Candidates should 
have an earned doctorate and research ex¬ 
perience with an interest in both teaching and 
research. Ability to attract funded research Is 
valued. The George Washington University 
main campus Is located in the center of 
Washington, D.C. A research and graduate 
teaching campus, set in a major research park 
in suburban Virginia near Washington-Dulles 
Airport, will open in September 1991. Substan¬ 
tial equipment and student stipends are avail¬ 
able for faculty capable of establishing govern¬ 
ment and industry-supported research projects 
at the new campus. Off-campus research/edu¬ 
cation programs at NASA-Goddard Space 
Flight Center and Melpar E-Systems provide ad¬ 
ditional opportunities for collaborative work 
with local industry and government laborato¬ 
ries. The metropolitan Washington area has the 
second largest concentration of research and 
development activity In the United States, creat¬ 
ing a continuing demand for rigorously-trained 
engineers and many research opportunities. 
The department has 40 full-time faculty, ac¬ 
credited electrical engineering, computer en¬ 
gineering, and computer science degree pro¬ 
grams, a large graduate and undergraduate stu¬ 
dent body, and a substantial research budget. 
Current projects include computer graphics, 
computer security, data transmission stan¬ 
dards and compression, fast packet switching, 
network topologies, image processing inteiii- 
gent user interfaces, iaser shields, MHD plants, 
magnetic devices, medical imaging, parallel 
processing architectures and scheduling, mul¬ 
tipath fading and encryption, remote sensing, 
robot controi, space-based radar, and special- 
purpose VLSI designs. Send curriculum vita, list 


CLASSIFIED ADVERTISING 


67 







CLASSIFIED EMPLOYMENT OPPORTUNITIES 


of publications and references to: Chairman, 
Faculty Search Committee, Department of Elec¬ 
trical Engineering and Computer Science, 
School of Engineering and Applied Science, 
The George Washington University, Washing¬ 
ton, DC. 20052. The George Washington Univer¬ 
sity is an affirmative action/equal opportunity 
employer. 

Princeton University; The Department of Elec¬ 
trical Engineering invites applications for a full 
time, tenure-track faculty position. The dis¬ 
ciplines of particular interest are: Computer En¬ 
gineering, w/lth a specialization in computer ar¬ 
chitecture; and Digital Signal Processing, with 
a specialization in video and image processing. 
Please send a complete resume, a description 
of research and teaching interests and names 
of three references to Professor Stuart 
Schwartz, Chairman, Dept, of EE, Princeton 
University, Princeton, NJ 08544. Princeton 
University Is an equal opportunity/affirmative 
action employer. 

University of Hartford, Electrical Engineering 
Department, Faculty Position Available. The 
College of Engineering at the University of Hart¬ 
ford invites applications for two tenure-track 
positions within the Department of Electrical 
Engineering. A Chair of the department is be¬ 
ing sought. Chair, Department of Electrical 
Engineering—An imaginative individual with 
leadership qualities is desired to chair the ten- 
member department. Demonstrated teaching 
experience at the Associate Professor level, 
teaching experience at the graduate level, a 
Ph.D., and research/industrial accomplish¬ 
ments are required. Faculty Position, Depart¬ 
ment of Electrical Engineering—A full-time 
faculty position in electrical engineering at the 
Assistant Professor level is open for someone 
with a Ph.D., a sincere interest in undergradu¬ 
ate and graduate engineering teaching, en¬ 
thusiasm for participation in appropriate Col¬ 
lege and University committees, and an inclina¬ 
tion toward scholarly activities involving re¬ 
search and/or industrial consulting. The 
College is planning to start a new Master of En¬ 
gineering degree program with a speciality con¬ 
centration in Electrical Engineering and is ex¬ 
panding the faculty. Backgrounds desired for 
these positions are electronics, electromechan¬ 
ical energy conversion, communications and 
microprocessors. Professional registration is 
desired. These positions are available for the 
Fall of 1991 semester. The College of Engineer¬ 
ing, one of eight schools and colleges of the 
University of Hartford, enrolls 600 undergradu¬ 
ate students on a full and part-time basis. It 
offers ABET-accredited day and evening under¬ 
graduate programs in civil, electrical and 
mechanical engineering with plans to begin a 
master degree program in the fall of 1991. 
Laboratories and facilities on a spacious and 
modern 300 acre campus in West Hartford, Con¬ 
necticut offer a full range of testing, simulation 
and analytical instrumentation equipment. The 
College of Engineering also operates an En¬ 
gineering Applications Center, with the oppor¬ 
tunity for faculty to participate in research and 
development with local industry. Faculty are 
also encouraged to teach in the University's na¬ 
tionally recognized interdisciplinary general 
education curriculum. The University and its 
programs in engineering, technology, the liberal 
arts & sciences, education, nursing, health 
professions, business, music, theater, and art 
are a vital part of Connecticut’s capital city, at¬ 
tracting students from most states and over 60 
different nations. A dedicated faculty of approx¬ 
imately 350 faculty are committed to excellence 
in professional programs and a comprehensive 
mission that promotes interdisciplinary learn¬ 
ing. Candidates should submit a curriculum 
vita and the names and addresses of at least 
three references to: Professor Edward T. Fried¬ 
man, Electrical Engineering Department, 
University of Hartford, West Hartford, CT 06117. 
Applications will be reviewed until the positions 
are filled. The University of Hartford is an equal 
opportunity/affirmative action employer and 
specifically Invites and encourages applica¬ 
tions from women and minorities. 

Computer Science and Engineering. Northern 
Arizona University, College of Engineering and 
Technology is seeking applicants for a tenure 
track assistant professor position beginning 
Fall 1991. Applicants must have a Ph.D. in com¬ 


puter or electrical engineering with expertise in 
digital design, computer architecture, real time 
systems and microprocessor applications. In¬ 
dustrial experience/teaching desirable. Position 
will remain open until filled. Applications will 
be reviewed as they are received. Direct in¬ 
quiries and applications to Lanny Mullens, 
Chair, Department of Computer Science and 
Engineering, College of Engineering and Tech¬ 
nology, Northern Arizona University, Box 15600, 
Flagstaff, AZ 86011-1560. Northern Arizona 
University is a committed Equal Opportunity Af¬ 
firmative Action Institution. Minorities, Vete¬ 
rans, Women and Handicapped are encouraged 
to apply. 

Systems & Software Manager Position Emis¬ 
sion Tomography Center The Dept, of Nuclear 
Medicine is seeking a systems & software man¬ 
ager for a new PET imaging Ctr. Background in 
computer programming & systems operation. 
(UNIX & C) Please send CV to: J.A. Prezio, M.D., 
Dept, of Nuc. Med. Univ. at Buffalo, 105 Parker 
Hall, Buffalo, N.Y. 14214 AA/EO Employer. 

The UniversiW of Calgary, Assistant/Associate 
Professor in Remote Sensing. The University of 
Calgary Department of Surveying Engineering 
invites applications for the position of Assis¬ 
tant or Associate Professor (tenure-track) in Re¬ 
mote Sensing effective July 1,1991. Qualifica¬ 
tions: PhD in engineering or applied science; ex¬ 
pertise in digital image processing and analy¬ 
sis of airborne and satellite imagery. A 
background in photogrammetry and automat¬ 
ed data capture is highly desirable. Responsi¬ 
bilities: teach the remote sensing components 
including image interpretation in the graduate 
and undergraduate programs; develop a strong 
research program in digital image processing 
and analysis within the geomatics stream of 
the department. In accordance with Canadian 
immigration requirements, priority will be giv¬ 
en to Canadian citizens and permanent resi¬ 
dents of Canada. The University of Calgary has 
an Employment Equity Program and en¬ 
courages applications from all qualified candi¬ 
dates, including women, aboriginal people, visi¬ 
ble minorities and people with disabilities. Ap¬ 
plicants should send a detailed curriculum vi¬ 
tae, a complete list of publications and have 
three letters of reference sent by April 30,1991 
to: Head, Department of Surveying Engineering, 
The University of Calgary, 2500 University Drive 
N.W., Calgary, Alberta, Canada T2N 1N4. 

Princeton University—Accelerator Engineer. 
Princeton University seeks an experienced ac¬ 
celerator engineer, or a high level technician 
with equivalent experience, for development 
and maintenance of the Princeton AVF Cyclo¬ 
tron. The cyclotron is a K'50 accelerator which 
produces protons and other light ion beams for 
the nuclear physics research program at Prince¬ 
ton. Experience with all aspects of the opera¬ 
tion of a low energy nuclear physics accelera¬ 
tor is highly desirable, including high power rf 
electronics, power supplies, computerized con¬ 
trol systems, ion sources,a and beam transport 
systems. The successful candidate will be ex¬ 
pected to supervise a small technical staff and 
provide support to student and faculty 
researchers. Engineering or physics A.B., or 
equivalent laboratory experience is required. 
Send resume and references to Professor Frank 
Calaprice, Department of Physics, Princeton 
University, P.O. Box 708, Princeton NJ 08544. 
Princeton is an equal opportunity/affirmative 
action employer. 

University of Hawaii at Manoa, Department of 
Electrical Engineering, invites applicants for 
tenure-track associate professor or assistant 
professor positions with specialization in any 
of the following three areas: (1) Computers: All 
aspects of parallel and distributed computing: 
e.g., architecture, systems, networking, soft¬ 
ware, and applications. (2) Electrophysics: In¬ 
strumentation, microwave engineering, and 
VLSI engineering. (3) Communications: Data 
networks. (4) Control: Theory and systems. 
Duties: Teach EE undergraduate and graduate 
courses, serve on university and department 
committees, serve on graduate student commit¬ 
tees, conduct research and scholarly activities, 
and perform related tasks as assigned. Mini¬ 
mum Qualifications: Associate Professor: Ph.D. 
degree or completion of all requirements for a 
doctorate in electrical engineering; minimum of 


four years of full-time college or university 
teaching at the rank of assistant professor 
equivalent, with evidence of increasing profes¬ 
sional maturity; demonstrated scholarly 
achievement in comparison with peers active in 
the same field; demonstrated ability to plan and 
organize assigned activities, including the su¬ 
pervision of work of assistants when appropri¬ 
ate; ability to pursue and supervise research; 
strong commitment to both undergraduate and 
graduate teaching. Assistant Professor: Ph.D. 
degree or completion of all requirements for a 
doctorate in electrical engineering; demonstrat¬ 
ed ability to teach; demonstrated scholarly 
achievement; ability to pursue and supervise re¬ 
search; and a strong commitment to both un¬ 
dergraduate and graduate teaching. Salary 
negotiable dependent upon qualifications and 
experience. Send resume and three references 
by April 15, 1991 to: Professor Shu Lin, Chair¬ 
man, Dept, of Electrical Engineering, Universi¬ 
ty of Hawaii at Manoa, 2540 Dole Street, 
Holmes Hall 483, Honolulu, HI 96822. 

Worcester Polytechnic Institute—The EE 
Department invites applications for tenure 
track faculty positions at the Assistant or As¬ 
sociate Professor level in the following areas: 
Computer Engineering, Data Communications, 
Ultrasonics, and Microwave devices. Candi¬ 
dates must possess an earned doctorate, and 
will be expected to have a strong commitment 
to high quality undergraduate and graduate en¬ 
gineering education, as well as to development 
of a research program. Applications from wom¬ 
en and underrepresented groups are especial¬ 
ly invited. Worcester Polytechnic Institute is a 
technical university offering project-oriented 
programs in Engineering, Science and Manage¬ 
ment, WPI is located in the high-tech region of 
central Massachusetts, with an enrollment of 
2,500 undergraduate and 400 full-time graduate 
students. The EE department has 24 full-time 
tenure-track faculty, and strong undergraduate, 
graduate and research programs. Please send 
a statement of your research and teaching in¬ 
terests, a resume, and a list of three references 
with addresses and telephone numbers to: Dr. 
John A. Orr, Head, Department of Electrical En¬ 
gineering, Worcester Polytechnic Institute, 
Worcester, MA 01609. WPI is an equal opportu¬ 
nity affirmative action employer. 

Embry-Riddle Aeronautical University, Prescott, 
Arizona. Embry-Riddle Aeronautical University 
invites applications tor the following faculty po¬ 
sitions: Electrical Engineering—Ph.D. in EE is 
required. Preference will be given to candidates 
with experience in the design of avionics sys¬ 
tems. Computer Science—Ph.D. in Computer 
Science or a related field is required. Preference 
will be given to candidates with a background 
in software engineering and a familiarity with 
the requirements of software design for aero¬ 
space applications. We offer a comprehensive 
compensation/benefits package. Send letter of 
interest, resume and name, addresses and 
phone numbers of three references to Dr. James 
Lyall, CS/EE, c/o Office of Human Resources, 
Embry-Riddle Aeronautical University, Prescott, 
AZ 86301. Women and minority group members 
are encouraged to apply. EOE. 

University of Miami. The Department of Electri¬ 
cal and Computer Engineering invites nomina¬ 
tions and applications for a faculty position at 
the Full Professor level. Preferred areas of in¬ 
terests are robotics and robot vision. Qualifica¬ 
tions include a Ph.D. degree in electrical en¬ 
gineering or equivalent, experience in teaching 
undergraduate and graduate courses, and es¬ 
tablished record of publications and external 
funding. The University is located in Coral Ga¬ 
bles, a suburb of Miami, Florida. Applications 
should be sent with the names of three refer¬ 
ences to: Dr. Tzay Y. Young, Acting Chairman, 
University of Miami, Dept of Electrical and Com¬ 
puter Engineering, P.O. Box 248294, Coral 
Gables, Florida 33124. The University of Miami 
is an equal opportunity/affirmative action em- 

University of Miami. The Department of Electri¬ 
cal and Computer Engineering invites applica¬ 
tions for a tenure-track faculty position in com¬ 
puter engineering at the Assistant/Associate 
Professor level. Preferred areas of interest are 
operating systems, software engineering and 
database systems. Qualifications include a 
Ph.D. degree in computer scfence or computer 
engineering, and the ability of initiating re¬ 
search projects, attracting external funding, 
and teaching undergradaute and graduate 


; SPECTRUM MARCH 









READER GUIDE TO PRODUCTS AND SERVICES 


lEEE-USA’s 

Precollege Education Committee 
Produces New Brochure 

lEEE-U.S. Activities has published a "Directory of 
Volunteer Opportunities in Precollege Mathematics 
and Science Education for Engineers and Scien¬ 
tists. ” The Directory lists 31 education-related pro¬ 
grams that rely heavily on the human resources of 
volunteers at the local level. For quick reference, 
a matrix specifies each program’s intended audience 
and grade level, the particular tasks that a volun¬ 
teer may be asked to perform, the time commitment 
involved, and any special qualifications required of 
the volunteer. 

For a complimentary copy of the directory, CIRCLE 
# 71 on the Reader Service Card. 


ISO/IEC POSIX.1-1990 
from IEEE STANDARDS 

The IEEE announces availability of POSIX.1.-1990, 
an IEEE standard defining standard application 
programming interfaces to basic operating system 
functions, such as I/O and process management. 
It is written in terms of the C Language. A revision 
to IEEE Std 1003.1-1988, this is the first POSIX stan¬ 
dard to be approved as an ISO (International Stan¬ 
dards Organization) standard: ISO/IEC JTC-1. It is 
being published by the IEEE as ISO IS 9945-1: 
1990. 

POSIX encompasses a range of standards under 
development by the IEEE to provide interfaces for 
application portability across multiple hardware and 
software platforms. Virtually every computer sup¬ 
plier and open systems specifier has adopted POSIX. 


Future IEEE standards considered within the 
POSIX family include: Shell and Utility Facilities; C, 
Ada, and FORTRAN Bindings; Networking Protocols; 
Real-time Extensions; and Verification Testing. 

The published standard is available at a list price 
of $75.00, plus shipping and handling, from the 
IEEE Service Center. 

To order, call 1-800-678-IEEE. For Information, CIR¬ 
CLE # 72 on the Reader Service Card. 


Welcome to the 
new Proceedings 

If you haven't seen the Proceedings of the IEEE late¬ 
ly, it’s time to take another look. We've taken one 
of the IEEE’s best journals-designed especially for 
serious readers who are not specialists in the sub¬ 
jects being treated—and added these new features: 

Broader Subject Scope 

In addition to our in-depth papers on technical sub¬ 
jects, you’ll also get occasional coverage of areas 
like engineering management, economics, and 
ethics. 

Concise Introductory Prologs 

A feature unique to the Proceedings'. Professional¬ 
ly written one-page prologs to each regular-issue 
paper help you determine its significance to you and 
your job assignment. 

Two New Types of Tutorial Papers 

We’ve added an associate editor to increase our 
coverage of important and timely subjects, which 
include two new types of tutorials: "career boosters" 


(fundamentals tutorials) and "curiosity satisfiers” 
(overview tutorials). 

We Also Report on History 

We now publish features on the history of engineer¬ 
ing and its impact on culture, highlighting seminal 
events ranging from 10 to 200 years ago. 

Original Book Reviews 

We’re enhancing our book-review section to inform 
you about the best reading in the field of electrotech¬ 
nology. 

Would you like to subscribe to the Proceedings? Cost 
is $20 for IEEE members, $200 for nonmembers. 
For more informatoin, CIRCLE # 75 on the Reader 
Service Card. 


lEE HISTORY OF TECHNOLOGY 
SERIES 12 
A HISTORY OF THE 
WORLD SEMICONDUCTOR INDUSTRY 
$64.00 P. R. Morris 

This book describes the development of semicon¬ 
ductor manufacturing on a worldwide basis, from 
Its early beginnings to current operations. Its ap¬ 
proach Is wide ranging, encompassing early ex¬ 
perimental work rooted in 19th century science. It 
includes a brief historical review of the thermionic 
valve, which played an important part in the gene¬ 
sis of the semiconductor industry. It also describes 
the establishment and subsequent development of 
semiconductor manufacturing within the various na¬ 
tion states. Although not a technical treatise, the 
series outlines major device types and manufactur- 
(Continued overleaf) 
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ing processes used in semiconductor fabrication. 
Factors affecting the performance of the industry 
within the major natlonai participants are discussed, 
and the reiationship of the industry to science and 
technoiogy is aiso considered. The book should be 
of interest to scientists and engineers, technicai his¬ 
torians, and, indeed, anyone with an interest in the 
deveiopment of modern, aii-pervading technoiogy. 
For more information on this series and/or a free 
cataiog of ail iEE/PPL pubiications, calf 908- 
562-5553, or CfRCLE # 77 on the Reader Service 
Card. 


JOIN THE 

POWER ENGINEERING SOCIETY 

Stay informed about changes in traditionai technol¬ 
ogies and recent deveiopments in wind, photovoi- 
taics, and cogeneration. Keep up with iife-giving in¬ 
novations to existing power piants and new 
technologies enhancing deveioping economies. Be 
oh the cutting edge in applying computers to power 
engineering operations, design, and analysis. 

The Power Engineering Society (PES), with over 
22 000 members, is at the forefront of the fast¬ 
changing technologies that are affecting our ener¬ 
gy future. 

You can be there, too. Join PES and receive the 
IEEE Power Engineering Review, a monthly maga¬ 
zine that puts the newest developments in R&D, 
planning, Implementation, and analysis at your fin¬ 
gertips. Get a head start now and share ideas with 
leaders in industry and education at PES meetings, 
short courses, and conferences. 

Stay on top. Join PES. 

To receive material on membership information and 


a list of schoois offering efectric power engineering 
courses, CfRCLE # 73 on the Reader Service Card. 


fEEE’s First 

Woridwide Member Opinion Survey 
Now Avaifabfe 

The IEEE’s 1990 Member Opinion Survey is now 
available to the public. The survey is an unprece¬ 
dented worldwide effort by the IEEE to study profes¬ 
sional, academic, and intellectual activities of all its 
members. Previous IEEE surveys were limited to 
members in the United States. 

Among the IEEE United States Activities programs 
most important to respondents were professional 
publications, meetings, workshops, and programs 
influencing employer practices, the business cli¬ 
mate, engineers’ public image, and Federal policy. 
A majority of respondents, both in and outside the 
United States, urged the IEEE to exert increasingly 
more influence as a worldwide technical leader. 

The 260-page 1990 IEEE Member Opinion Sur¬ 
vey may be purchased through the IEEE Service Cen¬ 
ter. Cost is $7.50 for members, $19.95 for non¬ 
members. 

For information on ordering, CfRCLE # 78 on the 
Reader Service Card. 


SIX IEEE 

VIDEOCONFERENCES 

The IEEE’s Educational Activities Department has 
scheduled a half-dozen videoconferences for 1991. 
Their subjects and the dates they’ll be transmitted 
are: “Uses of artificial intelligence in manufactur¬ 


ing,” March 20; “Applications of fuzzy logic,’’ April 
26; “Uses of neural networks in the ’90s,’’ May 
22; “Quality management,” Sept. 19; “Software 
testing and reliability," Oct. 30; and “The techni¬ 
cal development and future of optical computing, ’’ 
Dec. 11. Programs for the conferences are availa¬ 
ble free to IEEE members through their local Sec¬ 
tions and for a fee to companies and universities. 
For more information, CfRCLE # 76 on the Reader 
Service Card. 


HIGH-RESOLUTfON AND 
HIGHER-ORDER SPECTRAL ANALYSIS 
presented by Larry Marple, 

Chief Scientist, ORfNCON INC. 

This home video tutorial will survey the field of spec¬ 
tral estimation techniques that are alternatives to 
the classical Fourier methods. Included will be au¬ 
toregressive, moving average, maximum entropy, 
maximum likelihood, minimum variance, subspace 
approaches, MUSIC, Pisarenko, ESPRIT, Prony, 
bispectrum, and other higher-order spectra. Per¬ 
formance tradeoffs and application areas for these 
methods will be presented. Computational al¬ 
gorithms will be provided to attendees. 

Price: $65.95, Member; $135,95, List. 

The ICASSP-90 Tutorials may be purchased as a 
complete package of all four programs. 
ICASSP-90 Pack 

Price; $225.95, Member; $429.50, List. 

For ordering information, or if you woufd like to re¬ 
ceive the Educational Activities Catalog, call 1-800- 
678-IEEE, and ask for the Education Department. 
Or CIRCLE # 74 on the Reader Service Card. 
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courses. Salary will be commesurate with rank 
and experience. The University is located In Cor¬ 
al Gales, a suburb of Miami, Florida. Applica¬ 
tions should be sent with the names of three 
references to: Dr. Tzay Y. Young, Acting Chair¬ 
man, University of Miami, Dept, of Electricai 
and Computer Engineering, P.O. Box 248294, 
Corai Gabies, Fiorida 33124. The University of 
Miami Is an equal opportunity/affirmatve action 
employer. 

Tenure track Associate/Assistant Professor of 
Biomedical Engineering (BME) at Worcester 
Polytechnic Institute. WPI offers M.S. and Ph.D. 
degrees in BME. Close cooperation exists with 
the University of Massachusetts Medical 
School, Tufts University School of Veterinary 
Medicine, local hospitals and the Mas¬ 
sachusetts Biotechnology Research Park. Ph.D. 
in BME or a related discipline required. Pre¬ 
ferred areas of specialization are: biomedical 
signal processing and application of optics to 
biomedicine, but all specialities will be given 
consideration. Applicants should be able to 
teach a physiological systems course/laborato¬ 
ry. Applicants should be interested in develop¬ 
ing a strong research program and be commit¬ 
ted to quality teaching. WPI is located near the 
heart of the high technology focus of New En¬ 
gland, yet offers opportunities for urban, subur¬ 
ban, or rural lifestyles. Send resume and names 
of three (3) or more references to: Dr. Robert A. 
Peura, Chairman, BME Dept., Worcester Poly¬ 
technic Institute, 100 Institute Road, Worcester, 
MA 01609. Tel: (508) 831-5447. FAX: (508) 
831-5483. WPI is an affirmative action, equal op¬ 
portunity employer. 

Faculty position—Assistant Professor position 
and Associate Professor position in Electrical 
Engineering. The Division of Engineering, 
University of Texas at San Antonio invites appli¬ 
cations for two tenure-track positions. A Ph.D. 
degree is required tor both positions and suc¬ 
cessful candidates are expected to participate 
in both undergraduate and graduate teaching, 
and research activities. Applicant in all areas 
of electrical engineering are invited to apply, 
but the following areas are of special interest: 
digital signal processing, fault-tolerant comput¬ 
ing, design for testability, telecommunications, 
solid state devices, VLSI. Salary will be com¬ 
mensurate with qualifications and experience. 
UTSA is a comprehensive, metropolitan univer¬ 
sity located in a rural setting on the edge of the 
Texas hill country. The city of San Antonio com¬ 
bines a rich cultural heritage with modern focus 
on education, research and technology. Send 
resume and names of four references by April 
2,1991 to: Chair, Search Committee, Electrical 
Engineering, Division of Engineering, The 
University or Texas at San Antonio, San Antonio, 
TX 78285-0665. UTSA is an Equal Opportuni¬ 
ty/Affirmative Action Employer. Women and 
minorities are encouraged to apply. 

University of Arizona, Systems and Industrial 
Engineering The Department ofSystems and In¬ 
dustrial Engineering at The University of Arizo¬ 
na invites applications for two tenure-track 
faculty positions, preferably at the rank of as¬ 
sistant professor. Candidates with an outstand¬ 
ing teaching and research record which syner- 
gistically complements the departments 
strengths may be considered for a senior level 
appointment. The department spans a broad 
range of interests related to systems and Indus¬ 
trial engineering, including methods related to 
systems theory and integration, computation¬ 
al software engineering, optimization, applied 
probability, and engineering statistics; and 
modeling applications related to manufactur¬ 
ing, telecommunication, human-machine sys¬ 
tems, natural resources, and service systems. 
Although all candidates with demonstrably 
strong research and teaching potential in these 
areas will be considered, we especially en¬ 
courage applications from candidates whose 
research Interests include or complement one 
or more of the following: 1) Applied probability, 
with interests in telecommunications, com¬ 
puter networks, reliability, manufacturing, or 
decision theory. 2) Software and algorithms for 
manufacturing (concurrent design, information 
systems, CAD/CAM, human-computer interface, 
simulation, production systems, etc.) Appli¬ 
cants should hold a doctoral degree in an area 
related to systems and industrial engineering 
by September 1,1991, and should submit their 
curriculum vitae and names of three or more 
references to: Professor Duane Dietrich, Chair¬ 
man, Faculty Search Committee, Systems and 
Industrial Engineering Department, The Univer¬ 


sity of Arizona, Tucson, AZ 85721. Applications 
will be accepted until April 1,1991, or until the 
positions are filled. The University of Arizona is 
an equal opportunity/affirmative action 
employer. 

Assistant/Associate Professor, Electronics and 
Computer Technology, Telecommunications 
and Computer Systems. The faculty member 
will develop and teach courses in the areas of 
telecommunications and computer systems 
and conduct applied research for government 
and/or industry. The successful applicant will 
be prepared to participate in a full range of ac¬ 
tivities: teach, research and service; direct 
Masters degree candidates; advise undergradu¬ 
ate students; and assist industry and the gener¬ 
al public through technology transfer. Salary is 
negotiable. This position requires a doctorate 
in Electrical Engineering or equivalent, and 
three to five years of applicable Industrial ex¬ 
perience with telecommunication systems de¬ 
sign and digital and computer systems applica¬ 
tions. A minimum of two years of teaching ex¬ 
perience and three years of industrial ex¬ 
perience with telecommunication systems 
design are desired. Closing date will be the 
22nd of each month until position is filled. To 
apply, send vitae and a list of at least three refer¬ 
ences with telephone numbers to: Dr. Albert L. 
McHenry, Chair, Department of Electronics and 
Computer Technology, Arizona State Universi¬ 
ty, Tempe, AZ 85287-6606. An Equal Opportuni¬ 
ty/Affirmative Action Employer. 

The University of Alabama at Birmingham, 

Department of Biomedical Engineering. The 
Department of Biomedical Engineering invites 
applications for a tenure-track position at the 
rank of Assistant Professor beginning in the fall 
of 1991. Preference will be given to candidates 
with research experience in bioinstrumenta¬ 
tion. Candidates with a bioinstrumentation 
background which includes some aspect of 
MRI instrumentation are of particular interest. 
Duties will include teaching, research, the de¬ 
velopment of bioinstrumentation courses, and 
the development of bioinstrumentation labora¬ 
tory facilities. The Department of Biomedical 
Engineering at the University of Alabama at Bir¬ 
mingham offers graduate programs leading to 
the M.S. and Ph.D. degrees. Primary research 
areas are in biomaterials, biomechanics, bioin¬ 
strumentation, biotechnology and medical im¬ 
aging. UAB is an autonomous campus within 
the University of Alabama system, UAB faculty 
currently are involved in over $100 million of ex¬ 
ternally funded grants and contracts. A 4 Tesla 
clinical NMR facility for cardiovascular re¬ 
search is presently being established, making 
it the most advanced of its type in the world. In 
addition, the Department has on-line access to 
a Cray XMP/24 supercomputer through the Al¬ 
abama Supercomputer Network. The UAB en¬ 
vironment offers an excellent opportunity to 
pursue research and educational activities in 
biomedical engineering in collaboration with 
outstanding scientists in a variety of areas. Ap¬ 
plicants must be U.S. citizens or have perma¬ 
nent U.S. residency, and must have an earned 
doctorate in biomedical engineering or a relat¬ 
ed field. Interested persons should send an ap¬ 
plication letter, a current vita, copies of impor¬ 
tant publications (If applicable), and research 
interests, and the names of three references to 
Professor Ernest Stokely, School of Engineer¬ 
ing, University of Alabama at Birmingham, BEC 
256, Birmingham, AL 35294. Applications will 
be accepted until the position is filled. The 
University of Alabama at Birmingham is an 
equal opportunity, affirmative action employer, 
and encourages applications from qualified 
women and minorities. 

Stocker Visiting Chair in Electrical and Com¬ 
puter Engineering at Ohio University. Applica¬ 
tions and nominations are being accepted for 
the position of Stocker Visiting Professor in 
Electrical and Computer Engineering (ECE). 
The ECE Department at Ohio University has 
twenty full-time and four part-time faculty, 450 
undergraduate students and 80 graduate stu¬ 
dents. External research support in ECE ex¬ 
ceeds $2.3M per year, a large portion of which 
comes via the Avionics Engineering Center, a 
unit of ECE. The ECE Department is housed In 
the $15M Stocker Engineering Center. The 
Stocker Chair position is supported through the 
Stocker Endowment, presently worth more than 
$13M. Oualifications for consideration for the 
Stocker Chair position include noteworthy 
achievements in research and teaching or in¬ 
dustry/government. The individual selected for 


this position is expected to teach, participate 
in Departmental research, and be available to 
present and conduct Invited seminars/lectures 
at various universities, including C.U. The max¬ 
imum term of appointment for this position Is 
three years; a lesser term can be negotiated. 
Stocker Professors are provided part-time 
secretarial support, a travel allowance, special 
office accommodations, and equipment/sup¬ 
plies support, if needed. In addition, modest fur¬ 
nished living quarters, specifically designated 
as Stocker Chair Apartments, are available for 
Stocker Professors and their spouses. Salary 
for the position is negotiable. The ECE Stocker 
Chair position is ideal for a person who wishes 
to take leave from his/her present employer. Ap¬ 
plications and nominations will be accepted un¬ 
til the position is filled. Please send a resume 
with at least three references or your nomina¬ 
tion to Dr. Jerrel R. Mitchell, Stocker Center, 
Ohio University, Athens, OH 45701-2979. Prefer¬ 
ence will be given to U.S. citizens and perma¬ 
nent residents. Ohio University is an equal op¬ 
portunity and affirmative action employer. 

New Zealand University of Canterbury. The 
University invites applications for the following 
position: Professorship in Communications— 
Department of Electrical and Electronic En¬ 
gineering. Applicants should have appropriate 
teaching and/or research experience In one or 
more of the following areas: communications 
theory, coding, mobile communications, wave 
propagation, computer communications, com¬ 
munications networks, optical communica¬ 
tions, however candidates with a proven record 
in any other area of Information Technology will 
be considered. The successful candidate will 
be expected to provide leadership at both the 
undergraduate and graduate level. Main¬ 
tenance of international links, industrial co¬ 
operation and involvement in contract research 
are considered important aspects of this activi¬ 
ty. As a place to live, Christchurch has much to 
offer with both modest living and housing 
costs, good schooling and unparalleled recrea¬ 
tional opportunities. The salary for a Professor 
is within the range NZ$80,080 to NZ$99,840 per 
annum which Is in the top ^of salaries for New 
Zealand. Applications close on 31 May 1991. 
Further particulars and Conditions of Appoint¬ 
ment may be obtained from the undersigned. 
Applications, quoting Position No. EE50, must 
be addressed to: A.W. Hayward, Registrar, 
University of Canterbury, Private Bag, Christ¬ 
church, New Zealand. Telephone 64 3 642 808 or 
Fax 64 3 642 999. The University has a policy of 
equality of opportunity in employment. 

Faculty Position—Cooper Industries Professor 
of Electrical Engineering^: the Electrical and 
Computer Engineering Department at Ohio 
University is continuing its search for a senior 
tenure-track faculty member. The Cooper Indus¬ 
tries Professor of Electrical Engineering will be 
expected to teach and develop a sponsored re¬ 
search program in power electronics and/or In¬ 
dustrial controls. A demonstrated ability to in¬ 
teract with industrial sponsores is essential. 
The successful candidate is expected to take 
a leading role in developing a multl-discipllnary 
program in computer-integrated manufactur¬ 
ing. Candidates must have an earned Ph.D. In 
engineering, a demonstrated record of teaching 
(undergraduate and graduate) and significant 
experience in promoting and conducting spon¬ 
sored research. Interviews will continue until 
the position is tilled. Send resume and a list of 
four reference to H.W. Hill, Jr., ECE Department, 
Ohio University, Athens, OH 45701-2979. Ohio 
University is an equal-opportunity, affirmative- 
action employer. 

University of NSW, Austraiia. Applications are 
invited for a position of Research Fellow in the 
Dept, of Computer Science at University Col¬ 
lege, University of NSW at the Australian 
Defence Force Academy In Canberra. The posi¬ 
tion is funded by a research grant of the Aus¬ 
tralian Research Council and is tenable for 2 
years starting immediately. The successful can¬ 
didate will be a member of the Speech Research 
Group of the Dept and work on the evaluation 
of auditory models for automatic speech recog¬ 
nition systems. Facilities include 2 Pyramid 
9810X, a Convex C120, a Masscomp 5500, a 
large number of Sun and 386 workstations, an 
Ariel DSP-16, ILSand Audlab. A PhD in computer 
science or equivalent is required, preferably 
isearch. Salary: 

: Dr. M. Wagner, 

Tel.: lnt-l-61-6-2688955. Fax: lnt-F61-6-2688581, 
AARNet: miw@csadfa.cs.adfa.oz.au. Applica- 


with a background in speech re 
A$33,163-A$40,257. Enquiries 
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tions quoting Z850304 should be sent to the 
Asst. College Secretary (Personnel), University 
College/ADFA, Canberra ACT 2600, Australia, by 
12 April 1991. 

Purdue University Schools of Materials En¬ 
gineering and Electrical Engineering. The 
Schools of Materials Engineering and Electri¬ 
cal Engineering at Purdue University invite ap¬ 
plicants for the Turner Professor of Engineer¬ 
ing. The Turner Professorship Is a tenured, joint 
appointment at the full professor level in the 
two Schools. Applicants must have an earned 
doctorate degree and be recognized as a lead¬ 
er in some aspect of electro-ceramics. The two 
Schools have strong disciplinary teaching and 
research programs. In Electrical Engineering, 
there are major research programs in many 
areas fundamental to the field Including Circuit 
Theory, Electromagnetic Fields and Electro- 
Optics, and Microelectronics. Materials En¬ 
gineering research programs center around the 
cornerstones of the field: Structure, Properties, 
Processing, and Performance. The two Schools 
have a long and successful program in interac¬ 
tion in many solid state areas. Including eletro- 
ceramics. Among the supporting facilities for 
the area are: Turner Laboratory for Electro- 
ceramics, Solid State Devices and Materials 
Laboratory, X-ray Facility, and the Microstruc- 
tural Analysis Facility. Interactions also exist 
with other programs and facilities throughout 
engineering and science, notably the NSF En¬ 
gineering Research Center for Intelligent 
Manufacturing Systems and the Centers for Su¬ 
perconductivity. The individual selected will be 
expected to be a recognized leader in some as¬ 
pect of the broad area of electro-ceramics. Ex¬ 
amples of areas would Include fundamental 
ones such as defect structures related to phys¬ 
ical behavior or some processing method to 
control chemistry and morphology. Interests in 
current topics such as high Tc superconductors, 
ferroelectrics,and thick films, as well as the 
broad areas of hybrid microelectronics and 
electronic packaging will be considered. Suc¬ 
cessful candidates will also be expected to 
teach both undergraduate and graduate 
courses, especially in the individual’s area of ex¬ 
pertise, to supervise MS and PhD projects, and 
to establish a strong research program. Sever¬ 
al opportunities exist to develop multi- 
investigator programs, and interest/leadership 
will be a factor considered. The position is avail¬ 
able and Is expected to be filled during the 
1991-92 academic year. All interested persons 
should submit an application prior to May 1, 
1991 for full consideration. The search will con¬ 
tinue until the position Is filled. Resumes and 
names of three references should be sent to: 
Turner Professor Search Committee, School of 
Materials Engineering, MSEE Building, Purdue 
University, West Lafayette, IN 47907. Purdue 
University is an Equal Opportunity/Affirmative 
Action Employer. 

The Ohio State University, Department of Elec¬ 
trical Engineering Invites applications for 
tenure-track faculty positions. One position Is 
open In microelectronics at any level. At pres¬ 
ent there are 10 faculty members directly in¬ 
volved with the microelectronics laboratories. 
A new 4000 sq. ft. clean room Is in development. 
The primary areas of interest are microstructure 
processing and/or VLSI circuit design. Anoth¬ 
er position Is open in communications at the as¬ 
sistant professor level. The Department has al¬ 
most 50 faculty members and is engaged in ex¬ 
tensive research activities with over $6 million 
per year In funded research. Applicants must 
have a Ph.D. degree in Electrical Engineering or 
a related field, outstanding academic creden¬ 
tial, potential for developing research pro¬ 
grams, and an interest in teaching at the under¬ 
graduate and graduate levels. Send resume and 
the names of three references to: Daniel B. 
Hodge, Chairman, Department of Electrical En¬ 
gineering, The Ohio State University, 2015 Neil 
Avenue, Columbus, Ohio 43210. The Ohio State 
University Is an equal opportunity/affirmative 
action employer. 


Electrical Engineering Technology. The State 
University of New York College of Technology 
at Alfred seeks applicants for a tenure-track 
faculty position for the Fall 1991 semester in the 
Department of Electrical Engineering Technol¬ 
ogy. The department offers TAC/ABET accredit¬ 
ed associate degree programs in Electrical En- 


Engineerlng Technology, and an AS degree pro¬ 
gram in Engineering Science, plus Bachelor of 
Technology degree programs in Electrical and 
Electromechanical Engineering Technology as 
an extension center of SUNY Binghamton. Mini¬ 
mum qualifications are bachelor’s and a 
master’s degree in Electrical Engineering, Elec¬ 
trical Engineering Technology, or a closely relat¬ 
ed engineering discipline. Three years of 
college-level teaching experience and/or three 
years of industrial experience in any of these 
disciplines Is preferred. Professional registra¬ 
tion is desirable. Rank and salary are commen¬ 
surate with qualifications. Starting date is Au¬ 
gust 21,1991. The position requires expertise in 
two or more of the following areas: circuits, ana¬ 
log and digital control systems, electronic com¬ 
munications, electromechanical systems, ana¬ 
log electronics, microelectronics. Position In¬ 
volves teaching at both the AAS and BT levels, 
academic advising and university service. Ap¬ 
plicants should show evidence of teaching and 
scholarly abilities that match department 
goals. Applications will be accepted until posi¬ 
tion Is filled. Review of applications will begin 
immediately. Send application with resume and 
the names and addresses of three references 
to: Ms. Sally Doty, Director of Personnel and Af¬ 
firmative Action, SUNY College of Technology, 
Alfred, NY 14802. SUNY is an Equal Opportuni¬ 
ty/Affirmative Action Employer. 


Utah State University, Electrical Engineering: 
Applications for two (2) tenure track faculty po¬ 
sitions are invited for appointment in the Elec¬ 
trical Engineering Department at Utah State 
University. Candidates must have a Ph.D. in 
Electrical Engineering. Experience or a demon¬ 
strated potential for teaching undergraduate 
and graduate courses and performing research 
is expected. Openings for assistant, associate 
and professor are available. Research and 
teaching expertise in one or more of the follow¬ 
ing areas Is preferred: Communications and 
signal processing. Atmospheric Space Science, 
VLSI and MMIC, and optical communications. 
The Electrical Engineering Department current¬ 
ly graduates 60 BS students, 15 MS and 2 PhD 
students per year. USU Is located in Logan, Utah 
(population about 35000) In beautiful Cache Val¬ 
ley having both summer and winter sporting ac¬ 
tivities. Applications will be accepted begin¬ 
ning January 20,1991 and continue until the po¬ 
sitions are filled or until January 20,1992. Send 
resume and names of three references to Dr. 
Richard W. Harris, Electrical Engineering 
Department, Utah State University, Logan, UT 
84322-4120. USU is an EO/AAE. 


Department of Electrical Engineering of North¬ 
ern Illinois University, invites applications for 
tenure-track Assistant and Associate Professor 
positions for fall 1991 semester in the areas of: 
semiconductor device fabrication, communica¬ 
tion systems and optics, and electromagnetics. 
Successful applicants will be required to teach 
at both undergraduate and graduate levels, pur¬ 
sue funded research and work with local Indus¬ 
tries in their fields. Qualifications Include doc¬ 
torate in Electrical Engineering, significant aca¬ 
demic leadership experience, a demonstrated 
record of teaching and research, scholarly pub¬ 
lications, U.S. citizenship or permanent U.S. 
residency required. Salary, rank and tenure sta¬ 
tus will be commensurate with qualifications 
and accomplishments. Applications will be 
reviewed as received and will continue until all 
positions are filled. Clearly Identify the partic¬ 
ularly specialization In your letter of applica¬ 
tion. Send letter of application, resume, names 
of three references and copies of recent publi¬ 
cations to Professor Alan P. Genis, Chair, 
Department of Electrical Engineering, Northern 
Illinois University, DeKalb, IL60115. Northern Il¬ 
linois University is an Equal Opportunity, Af¬ 
firmative Action Employer. 

University of South Carolina, Department of 
Electrical and Computer Engineering, Invites 
applications for tenure-track faculty positions. 
Particular areas of Interest Include quantum 
and physical electronics, computer architec¬ 
ture and computer vision. Persons of high cali¬ 
ber In other areas will also be considered. Ap¬ 
pointment will be at the Assistant or Associate 
Professor level with a competitive salary and 
rank commensurate with qualifications. Ten¬ 
ured appointments at the level of Professor are 


also possible for uniquely qualified Individuals. 
The use, as the flagship university of the state, 
seeks candidates having a strong commitment 
to excellence in both education and research. 
Candidates for Associate Professor are expect¬ 
ed to show strong research potential. Positions 
will remain open until suitable candidates are 
found. Applicants should send resumes. Includ¬ 
ing names of at least three references, to 
Professor Etan Bourkoff, Chair, Department of 
Electrical and Computer Engineering, Swearin¬ 
gen Engineering Center, University of South 
Carolina, Columbia, SC 29208. The University of 
South Carolina is an equal opportunity/affirm¬ 
ative action employer. 


Government/Industry 

Positions Open 


Help Wanted: Lead System Software Engineer, 
Networking Group. By 2/27/91. Please send re¬ 
sume to: Employment Security Department, ES 
Division, Att: Job #244170, Olympia, Washing¬ 
ton 98504. Job Description: Designs, imple¬ 
ments and tests complex and high level sys¬ 
tems and software for micro computers. As¬ 
sumes lead responsibility to design and coor¬ 
dinate testing of high level local area 
networking system software utilizing LAN Man, 
MS-DOS and Windows operating systems and 
“C” programming languages. Develops testing 
programs for networking environment using 
graphical user Interface programs in a Windows 
environment. Assumes major project responsi¬ 
bility including: 1) requirements and analysis of 
project specifications; 2) product design; and 
3) Implementation schedules. Requirements: 
B.A. or B.S. in Electrical Engineering, Computer 
Science, Physics or Mathematics. Two years of 
work experience in computer design or 
programming writing GUI programs in a win¬ 
dowing environment. This must include six 
months or work experience in computer design 
or programming utilizing LAN Man or a network¬ 
ing operating system and MS-DOS operating 
system, and “C” language and directing others 
to test and debug software. Must have legal 
authority to work in the United States. Job lo¬ 
cation: Redmond, Washington. Salary: 
$40,500-42,000 per annum, depending on ex¬ 
perience 40 hours per week, flex time. EOE. 


Computing Systems Analyst for NE Ohio hospi¬ 
tal to design, develop, & modify computer sys¬ 
tems & data bases for use in real-time computer 
environments on several multiuser minicom¬ 
puter systems using Fortran & “C” languages, 
including system security & control procedures, 
user training requirements, testing plans & 
quality assurance standards & procedures; con¬ 
sult with users to determine systems objec¬ 
tives, specific data retrieval & analysis require¬ 
ments; present findings, recommendations & 
specifications to the users after analysis; guide 
& monitor system implementation; train users; 
delegate circumscribed modules to program¬ 
mers; restructure data base & modify existing 
programs; recommend future enhancements to 
systems; draft manuscripts for presentation at 
technical meetings. No exp. req. in above duties 
but applicants will qualify with an M.S. in Elec¬ 
trical Engineering (must have taken 1 course ea. 
in Computer-Aided Analysis & Design of Net¬ 
work & Digital Processing with 2 courses ea. in 
Network Syntheses; undergraduate degree 
must be in Mathematics). M-F8:OOAM-5:OOPM. 
$29,165/yr. Must have proof of legal authority to 
work permanently in U.S. Send resume in dupli¬ 
cate (No Calls) to J. Davies, JO#1255649, Ohio 
Bureau of Employment Services, PO Box 1618, 
Columbus, OH 43216. 


Electronic Engineer for NE Ohio biomedical 
sensor research, development & manufacturing 
firm to design sensing devices, electronic 
measurement circuits, digital logical & timing 
control circuits, mechanical structures for sen¬ 
sors, & printed circuit board layout; design & 
fabricate fiber optics sensor for blood pressure 
measurement. Requires 2 yrs. exp. in above 
duties (in lieu of exp. in designing & fabricating 
fiber optics sensor for blood pressure measure¬ 
ment, at least 2 publications in the field of fi¬ 
ber optics sensors is acceptable) & an M.S. in 
Biomedical Engineering (Must have thesis in 
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the field of fiber optic sensors; must have tak¬ 
en at least 1 course ea. in sensors, design of 
precision instruments, system & signal analy¬ 
sis in life science, digital signal processing, & 
digital control systems). M-F 8:30AM-5:00PM. 
$37,145/yr. Must have proof of legal authority to 
work permanently in U.S. Send resume in dupli¬ 
cate (No Calls) to J. Davies, JO#1266648, Ohio 
Bureau of Employment Services, PO Box 1618, 
Columbus, OH 43216. 

Help Wanted: Senior System Software En¬ 
gineer, Networking Business Unit. By March 31, 
1991, Please send resume to: Employment 
Security Department, ES Division, Att: Job 
#242293, Olympia, Washington 98504. Job 
Description: Designs, implements and tests 
complex and high level systems and software 
for micro computers. Assumes senior respon¬ 
sibility to design parallel systems software for 
LAN Man operating system utilizing OS/2 oper¬ 
ating system and Assembler languages. De¬ 
signs and implements user interface for paral¬ 
lel system. Assumes major project responsibil¬ 
ity including: 1) requirements and analysis of 
project specifications; 2) product design; and 
3) implementation schedules. Two positions 
available. Requirements: M.A. or M.S. in Electri¬ 
cal Engineering, Computer Science, Mathemat¬ 
ics for Physics. Six months of work experiehoe 
in computer design or programming utilizing 
parallel programming for a multitasking oper¬ 
ating system and assemble languages. Must 
have proof of legal authority to work permanent¬ 
ly in the United States. Job location: Redmond, 
Washington, Salary: $37,500-40,000 per annum, 
depending on experience 40 hours per week, 
flex time. EOE. 

Video Systems Engineer. Design and develop 
real time software system for animation control 
of proprietary hardware. Design interface be¬ 
tween software and hardware for animation and 
control of 2-1/2 dimensional graphic system. De¬ 
sign character and phrased based input system 
for traditional and simplified Chinese lan- 

§ uages. 40 hrs/wk, 8-5, $3,000/mo. Bachelors of 
cience degree in Electrical Engineering or 
Electronics. Proven ability to (1) Read, write and 
type in Traditional and Simplified Chinese lan¬ 
guages and (2) Analyze, design and implement 
array processing software systems for digital 
signal processing applications. Send resume 
and proof of legal authority to work in the U.S. 
to; Colorado Dept, of Labor, 600 Grant Street, 
#900, Denver, CO 80203 and refer to Job Order 
Number C03195343. 

Scientific Linguist. Plan, develop, analyze and 
compare natural speech data and synthetic 
speech data in English, German, French and 
Spanish for the purpose of devising improved 
computer algorithms and codes to meet voice 
quality requirements for text to speech 
products. Ph.D. orequiv. in Linguistics. Univer¬ 
sity training, research or experience with acous¬ 
tic phonetics, speech syntheses, articulatory 
phonetics, and use of computers for speech 
analysis. $4120/mo. Job site/interviews: Albany, 
CA. Clip an and send w/resume to Job Order # 
SK19861, P.O. Box 9560, Sacramento, CA 
95823-0560 no later than March 31, 1991. 

Help Wanted: Product Manager. Send Resume 
on or Before 3/31/91 to: Employment Security 
Department, ES Division, Job #245802-S, Olym¬ 
pia, Washington 98504. Job Description: Super¬ 
vise introduction of new and existing products 
and direction to Product Specialist personnel, 
both domestic ahd foreign; the development 
and maintenance of specifications and data for 
company product lines; the preparation and 
maintenance of current application bulletins, 
specification sheets and related literature. Su¬ 
pervises the processing of technical inquiries, 
special modifications and requirements in 
coordination with customers, representatives, 
and manufacturing and design engineering per¬ 
sonnel. Prepares, reviews and proofs sales mail¬ 
ings to representatives, both domestic and for¬ 
eign, to assure current information for compa¬ 
ny and competitive products. Monitors sales 
performance and evaluates sales data to iden¬ 
tify weak product lines and sales regions. Su¬ 
pervises field training of representatives regard¬ 
ing systems applications and technical capa¬ 
bilities of Company products. Provides techni¬ 
cal support to the sales force in the market 
area. Supervises promotional materials and 
participation in the development of the adver¬ 
tising program for respective product lines. Pre¬ 
pares basic rationale for pricing reviews and 
performs other duties as required. Require¬ 


ments: B.S. in Electrical Engineering plus two 
years industry experience as marketing manag¬ 
er and/or product support manager in precision 
electronic instruction field, or two years' ex¬ 
perience in job offered. Must be willing to trav¬ 
el foreign and domestic 35-4Q'of working time. 
Salary: $1,038.40 per week, with no overtime. Po¬ 
sition Offers: Prevailing working conditions, 40 
hours per week, 8:00 a.m. to 5:00 p.m., Monday 
through Friday. Position in Everett, Washington 
On-the-job training not offered, equal opportu¬ 
nity employer, must have legal authority to work 
permanently in the United States. 

Engineer, CAD Engineer,Senior. Design/develop 
software to enhance circuit simulation capabil¬ 
ities and device modeling; research next- 
generatioh simulation algorithms. Ph.D. in Elec¬ 
trical Engineering. Academic project/research 
background in VLSI circuit simulation, hierar¬ 
chical waveform and numerical analysis tech¬ 
niques, device modeling, SiMOS, bipolar and 
GaAS MESFET technologies, C, FORTRAN, 
UNIX, and circuit design CAD tools, including 
SPICE, ADVICE, RELAX,and MOTIS; academic 
coursework in VLSI digital systems design, 
microprocessor based systems, bipolar devices 
and circuits and semiconductor physics. 
$4,600/mo.; 40 hrs/wk. Place of employment and 
interview: Santa Clara, CA. If offered employ¬ 
ment, must show legal right to work. Clip ad and 
send with resume to: Job No. MD 21056, P.O. Box 
9560, Sacramento, CA 95823-0560 not later than 
March 31,1991. The company is an equal oppor¬ 
tunity employer and fully supports affirmative 
action practices. 

Electromagnetic Analyst. The MacNeal- 
Schwendler Corporation, the leader in finite ele¬ 
ment technology and software products for 
over 25 years, is seeking a MSEE with 2-5 years 
experience in the design of electrical apparatus 
and in electromagnetic field analysis. This 
challehging position is in the Engineer¬ 
ing/Electromagnetic Department of our Milwau¬ 
kee Office. Duties include: application of 
MSC/EMAS—the world’s most advanced 3-D 
finite-element analysis code—to a wide varie¬ 
ty of electrical problems; teach field analysis 
seminars; conduct on-site EM workshops at var¬ 
ious locales, and conduct various consulting in¬ 
vestigations for clients. Preferred candidates 
will have demonstrated expertise/interest in 
electromagnetics, finite element analysis, 
computer-aided engineering, and projeot 
management. Candidates must have the abili¬ 
ty to prepare and communicate technical is¬ 
sues concisely and clearly. We offer competi¬ 
tive salaries and an outstanding benefit pack¬ 
age. Qualified applicants should submit their 
resumes to: The MacNeal-Schwendler Corpora¬ 
tion, 815 Colorado Blvd., Los Angeles, CA 90041, 
Attn; Human Resources. Equal Opportunity/Af¬ 
firmative Action Employer. 

Growing high tech company seeks an ex¬ 
perienced engineering professional. Minimum 
of BSEE and 3 years experience in product de¬ 
sign and development required. Experience in 
high speed analog and digital circuit design, 
real time micro-processor based systems, FOR¬ 
TRAN programming, and high level operating 
systems (eg. VMS) is required. Background in 
radiation detection and measurement also sug¬ 
gested. Position requires some travel to provide 
technical expertise in operating innovative pro¬ 
cess monitoring equipment. IDM Corporation is 
an Austin, TX based manufacturer of process 
Monitoring systems. Qualified parties are invit¬ 
ed to send a resume with salary history to: IDM 
Corporation, 1901 Rutland Drive, Austin, Texas 
78758, Attn: Personnel Department. IDM Corp. 
is an equal opportunity employer. 

Sr Research Scientist to design and develop ICs 
utilizing SQI, HEMT and HBT technologies. 
Must have PhD level education in solid state 
electronics, at least 3 yrs experience in semi¬ 
conductor device fabrication and characteriza¬ 
tion at room and cryogenic temperatures. 
Knowledge of CMOS processing, SOI, HEMT 
and HBT technologies with good publication 
record. Place of Employment & Interviews Tor¬ 
rance, CA rate of pay $826.92 per week. Send 
this ad and a resume or letter of qualifications 
to job #WS12037 P.O. Box 9560, Sacramento, CA 
95823-0560 not later than March 31, 1991. 

Engineer, Software—Use C, AXON on X- 
Windows, UNIX/SUN, SPARC/3, MS-DOS/IBM- 
PC to design & develop software for image pro¬ 
cessing/ chips & to participate in company’s 
joint-venture (with Japan) research & develop¬ 


ment team for the design of systolic and VLSI 
neural network integrated circuits and the tech¬ 
niques of image analysis. Requires: Ph.D. Com¬ 
puter Science, 3 yrs job exp or 3 yrs exp in De¬ 
sign, research & development of neural net¬ 
work. Must be fluent (read, write & speak) In Jap¬ 
anese. Must be willing to work in Non-smoking 
work environment. $55,000/yr 8am-5pm 40hr/wk. 
Job Site & Interview: San Diego, CA. Send this 
ad & resume to: JQ#EG14016. P.O. Box 9560. 
Sacramento, CA 95823-0560. No later than 
3/31/91. 

Engineer/Technology Consultant. Responsible 
for applied research related to broadband 
metropolitan area network (MAN) and high 
speed data service on topics such as: analysis 
and assessment of laboratory model of MAN, 
R&D of network management capabilities over 
MANS and other high speed data networks, and 
R&D of high speed processing capabilities to 
interconnect MANs, local area networks (LANs) 
and wide area networks. Also responsible for in¬ 
fluencing university and Bellcore research and 
standards process through technical contribu¬ 
tions. Minimum requirements: Ph.D. or equiva¬ 
lent in Electrical Engineering, 3 yrs in position 
offered or 3 yrs in field of electrical engineering 
which must include at least 2 yrs research ex¬ 
perience in development/analysis of LAN, MAN 
or broadband network technology and 2 yrs ex¬ 
perience in design/analysis of computer com¬ 
munication networks and data network 
management. Salary: $1,038/wk. Job Site: San 
Ramon, CA. Send this ad and resume to Job # 
SK19925, P.O. Box 9560, Saoramento, CA 
95823-0560, no later than March 20, 1991. If 
offered employment must show legal right to 
work in U.S. 

Software Engineer: Resp. for defining & de¬ 
veloping the strategy & implementation of 
modeling, performance analysis, & evaluation 
of computer networks. Duties incl. developing 
performance models for computer communica¬ 
tion architecture analysis; developing tools for 
performance measurements; developing 
modeling project plans, & related duties. Regs 
PhD in Electrical Engineering w/2 yrs of exp. in 
job offered or in research in modeling & perfor¬ 
mance analysis of computer networks. Also 
reqs. exp. w/application of stochastic model¬ 
ing/queuing theory in communication systems 
& computer network modeling & analysis; simu¬ 
lation techniques & tools; & local area & high 
speed computer network architectures. Salary: 
$1,000/wk. 40 hrs/wk. Job site/intvw site; Sun¬ 
nyvale, CA. Send ad and resume to Job BW9011, 
Employment Department AJL 0122, PQ Box 
9560, Sacramento, CA 95823-0560 no late than 
April 4, 1991. Must have legal right to work. 

Research and Development EnglneerfNetwork- 
ing Software. As member of research and de¬ 
velopment team involved in development of 
datalink and network layer protocol analyzer 
designed around multiple microprocessors, de¬ 
sign, develop, architect, prove feasibility and 
practicality, code, integrate, test and validate: 
graphical user interface system, resource com¬ 
pilers and pieces of multi-tasking operating sys¬ 
tem; real time displays and port processing dis¬ 
plays of decoded datacommunication pro¬ 
tocols; performance analysis, protocol verifica¬ 
tion and conformance testing; protocol 
analysis and customized application software. 
Perform networking software research and de¬ 
velopment tasks requiring design in C-i- -i- and 
use of concepts of artificial intelligence. Coor¬ 
dinate with other groups to design and develop 
product requirements. Requirements: Bachelor 
and Master of Science Degree in Computer 
Science. Education, training, and/or experience 
must include: use of UNIX; design and im¬ 
plementation of networking software and data 
communication protocols; design and use of a 
graphical user interface system; real time ap¬ 
plications and programming on micropro¬ 
cessors; assembly and C language program¬ 
ming; artificial intelligence; operating system 
programming on PCs and workstations; and for¬ 
mal course work in modern compilers, data 
structures and networking concepts including 
Reference Model of OSI, packet switching and 
circuit switching theory, WANs and LANs. 8:00 
a.m. to 5:00 p.m., 40 hours per week. $40,200.00 
per year. Reply by resume to: Jim Shimada, 
Colorado Department of Labor and Employ¬ 
ment, 600 Grant Street, Suite 900, Denver, 
Colorado, 80203-3528. Refer to Job order 
#C03195342. 

Help Wanted: Project System Software En- 
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gineer, Advanced Technology/Business De¬ 
velopment Group. By 4/1/91 Please send resume 
to: Employment Security Department, ES Divi¬ 
sion, Att: Job #245447, Olympia, Washington 
98504. Job description: Designs, implements 
and tests complex and high level systems and 
software for micro computers. Assumes project 
responsibility to design prototype high level 
systems and software to determine feasibility 
of projects involving novel computer architec¬ 
ture, and computer architecture requirements 
for running 286-based real-time software, in¬ 
cluding a software modem, utilizing digital sig¬ 
nal processing. Will utilize 86 Assembler Series, 
and “C” languages, and UNIX & XENIX operat¬ 
ing systems. Assumes major project responsi¬ 
bility including: 1) requirements and analysis of 
project specifications; 2) product design; and 
3) implementation schedules. Requirements: 
Master’s degree in electrical engineering, com¬ 
puter science, physics, or mathematics. Two 
years of design project responsibility in design 
and development of compiler systems for pro¬ 
totype hardware and operating systems and 
286-based real-time operating systems, to in¬ 
clude six months of “C” and 86 assembler lan¬ 
guages, and UNIX and XENIX operating sys¬ 
tems and design of digital signal processing 
software to implement a modem. Must have le¬ 
gal authority to work in the United States. Job 
location: Redmond, Washington, Salary: 
$64,000—$68,000 per annum, depending on ex¬ 
perience 40 hour per week, flex time. EOE. 

Electrical Engineer. Will conduct research, de¬ 
sign & development for advanced VLSI commu¬ 
nication & signal processing devices, including 
theorem & algorithms investigation, architec¬ 
ture, logic, & circuits design, analysis, & simu¬ 
lation; develop future products & provide solu¬ 
tions to isolated but undefined problems in 
VLSI design & testing. Requires: Ph.D. in Elec¬ 
trical Engineering. Advanced academic back¬ 
ground & research to inolude: digital signal/im¬ 
age processing, communication system & VLSI 
design; signal processing VLSI chip design, 
simulation & layout; design & simulation of 
high speed digital CMOS circuits, fast settling 
time Op-Amp, analop switch capacitor CMOS 
circuits; advanced digital integrated circuit de¬ 
sign, advanced analog integrated circuits de¬ 
sign (including switch capacitor circuits), net¬ 
work synthesis & filter design, VLSI system de¬ 
sign, advanced circuits theory, digital signal 
processing, digital filter design, channel & 
source coding; communication engineering, al¬ 
gorithms & processing of communication sys¬ 
tem; CAD design tools; “C” language; board lev¬ 
el design, implementation, & testing for digital 
signal processing circuits. $4,000/mo. 40 hr. wk. 
Job Site/Interview: Newport Beach, CA. Send 
this ad and your resume to Job #ET3029, RO. 
Box 9560, Sacramento, CA 95823-0560, no later 
than April 1, 1991. 

Software and Hardware Engineer 40 hrs/week. 
8:00 a.m. to 5:00 p.m. Compensation: $46,800/yr. 
Design and implementation of powertrain elec¬ 
tronic controllers for automotive customers 
utilizing Motorola 68332 and 6811 micropro¬ 
cessors. Interpretation and documentation of 
single board electronic controllers software de¬ 
veloped by automotive customers. M.S. in Elec 
Eng required. At least 22 mos. work experience 
as system engineer required. Educ must in¬ 
clude at least 1 masters level course in control 
theory. Exp. as system engineer must include 
implementation of control theory algorithms in 
software on microprocessors. Employer paid 
ad. Send resumes to 7310 Woodward Ave., Rm. 
415, Detroit, Ml 48202. Ref. No. 96790. 

Automotive Control Systems Engineer 40 

Hrs/week. 8:00 a.m. to 5:00 p.m. Compensation: 
$46,800/year. Design and implementation of 
control systems for automotive application 
based on techniques of nonlinear and robust 
control. Perform computer simulations to veri¬ 
fy control designs. Communicate control al¬ 
gorithms to software and hardware engineers. 
Participate in software instrumentation and de¬ 
sign reviews of control systems. PhD degree in 
Elec Eng required. Educ must include grad lev¬ 
el research in nonlinear and robust control the¬ 
ory as evidenced by technical publications 
and/or PhD thesis. Employer paid Ad. Send re¬ 
sume to 7310 Woodward Ave, Rm. 415, Detroit, 
Ml 48202. Reference No. 97590. 


Chair, Department of 
Nuclear Energy 

Brookhaven National Laboratory is a multidisciplinary laboratory located on Long Island, 
New York, managed by Associated Universities, Inc., under contract with the US. 
Department of Energy. We are seeking a distinguished engineer or scientist to serve as 
Chair of the Department of Nuclear Energy. 

The Department of Nuclear Energy is one of the major scientific departments at 
Brookhaven. The activities of the Department include programs related to reactor 
development, operation and safety, and to development of neutral particle beams. The 
current effort includes theoretical and experimental studies on the safety of commercial 
nuclear pxjwer plants, development of designs for advanced, compact nuclear power 
plants, development of improved methods for safeguarding nuclear materials, nuclear 
waste management studies, compilation and evciluation of nuclear data required for users 
throughout the world, and construction and operation of a Radiation Effects Facility and 
the Neutral Particle Beam Facility. 

The Department, with a staff of 330, is organized into eleven divisions. The majority of the 
funding for the Department’s activities is provided by the US. Nuclear Regulatory 
Commission and the US. Department of Energy. 

Candidates are expected to be recognized authorities in the nuclear sciences field, and 
have contributed to the literature of nuclear energy. It is desirable that candidates have 
a Ph.D. in engineering, physics or chemistry; have extensive experience in both a research 
environment or an applied or industrial environment; be proven managers; have a 
successful record of working with program managers at government agencies, 
universities, and industrial organizations; and be able to bring to Brookhaven new 
opportunities for the Department’s growth. Expressions of interest, which should include 
a resume and publications list, may be sent to: DNE Search Committee, Building 197C, 
Brookhaven National Laboratory, ^sociated Universities, Inc., Upton, Long Island, New 
York 11973. Attention: Dr. J.M. Hendrie. Equal Opportunity Employer M/F. 


Hill 
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BRCKDKHAVEN 
NATIONAL LABORATORY 

ASSOCIATED UNIVERSITIES,INC 


Indiana University- 
Purdue University at 
Indianapolis (lUPUl) 

invites appiications and nominations for 
the position of Dean of the Purdue Schooi 
of Engineering and Technoiogy. The suc- 
cessfui candidate wili have an earned 
doctorate in engineering or reiated fields, 
have an established record of research 
and teaching sufficient to merit the rank 
of professor in the School, have proven 
administrative experience, and demon¬ 
strate an understanding of the relation¬ 
ship between engineering and technology 
programs. The School has 70 full-time 
faculty in eight departments offering 
coursework leading to Purdue Universi¬ 
ty degrees in technology and engineer¬ 
ing, including masters degrees in 
electrical and mechanical engineering. 
Two new facilities are under construction 
and should be completed in 1993. Review 
will begin in March 1991 and continue 
until the position is filled, preferably by 
June 1991. 

Send nominations or applications to: 

Professor Thomas Lenz 

BS 3024C 

lUPUl 

801 West Michigan Street 
indianapoiis, Indiana 
46202-5151 


ELECTRICAL/ 

INSTRUMENTATION 

ENGINEER 


Brown and Caldwell, a leading 
employee-owned environmental 
consulting firm, is seeking on 
Electricol/lnstrumentotion Engineer to 
manage electrical and instrumentation 
activities in our Pleasant Hill, CA 
(San Francisco Boy Area) office. 

The selected candidate will be responsi¬ 
ble for the direction of electrical and 
instrumentation designs, development 
of design standards, business develop¬ 
ment, staff assignments, and resolution 
of construction field problems. 

Qualified individuals will possess a 
BSEE (MS preferred) and PE with a 
minimum of 15 years' experience in the 
electrical/instrumentation design and 
construction of water, wastewater or 
industrial facilities. 

Look into Brown and Caldwell. 
Send your resume to: BROWN AND 
CALDWELL, Professional Stofflng/IEEE, 
P.O. Box B045, Walnut Creek, 
CA 94596. EOE. 


Brown and Caldwell 

Consultants 
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PROFESSIONAL CONSULTING SERVICES 


ADVERTISING RATES 

1 Insertion—$310 12 Insertions—$3360 

50% discount to IEEE members on three or more insertions. 

If you are an IEEE member, please enclose your membership number with the order. 

Copy cannot exceed 1-inch in depth. 

No product may be offered for sale. 

Advertising restricted to professional engineering and consulting services. 

No orders can be accepted by telephone; order and copy must be sent together. 

For any further information and closing dates please contact: 

Advertising Production Dept., 212-705-7579. 


Analog/Microprocessor Application Software 

Circuits/Instruments Assembly to 4GL 

PRODUCT DESIGNS 

Systems—Hardware & Software 

Frank Bosso, P.E. 

5 Frandon Drive Bus. (203) 792-8894 

Danbury, CT 06811 Home (203) 744-3437 


1 THE CONSULTING GROUP 

• RF, Microwave & Fiber Optic Systems 

• RF, Microwave Filters, Amplifier, 

Oscillator & Synthesizer/PLL Design. 

• Asynchronous, Synchronous Data 

Transmission, MODEM'S Concentrators, 

Nodes, WAN (X25, SNA) PBX, PAD 

71-25 Austin St., Forest Hills. NY 11375 (718) 793-0777 


0.0. R. Inc 

OPTICS • COATING • RESEARCH 

• OPTO-MECHANICAL ENGINEERING 

• INFRARED SYSTEM ANALYSIS 

• FUR DESIGN & TEST 

• HEAD UP DISPLAYS 

• SPECTROSCOPIC INSTRUMENTS 

• OPTICAL DESIGN & TEST 

Marvin Hutt (201) 337-3155 

107 MANITO AVE, OAKLAND. N.J. 07436 


Robert J. Abend, P.E. 

Electronics Consultant 

Hardware & Software Design—Neural Nets 
Optical Pattern Recognition—ATE Design 

1265 Palmdale Circle Telephone & FAX 

Palm Bay, FL 32905 (407) 952-2216 




RF/Analog Circuit Design 

• Communications Equipment Design 

• Synthesizers/Phase Locked Loops 

• Active/Passive/RF Filters 

• Analog Signal Processing 

• Audio Processing Circuits 

RLM Research Steven L. Maddy 

Boulder, CO 80307 Tel: 303/499-7566 FAX: 303/4994)877 


NOISE, TRANSIENTS AND INTERFERENCE 

• FCC, VDE, EMC/EMI 

• Susceptibility, ESD, RF, Transients, Lightning 

• Testing & Retrofit for Product Enhancement 

• UL, VDE, CSA, Other Safety-Related Specs 

• Noise-Immune Designs and Prototypes 

• FCC Compliance Training & Retrofits 

X KC • keLan Ph.a," vP Ell?*""" 

^ CORPORATION B609 66th St. North 

(813) 544-2594 Pinellas Park, FL 34666 


ALDERCREST E.O. SYSTEMS INC. 

Assisting others in new product development: 

• MARKET SURVEYS • CUSTOM FIBER OPTIC COMPONENTS 
(ACTIVE & PASSIVE) • ULTRASENSITIVE LIGHT 

SENSORS (FOR MEDICAL, REMOTE SENSING) • INDUSTRIAL 
CONTROLS • GAMMA AND X-RAY DETECTOR DESIGN 

We don't hang around adding to your overhead. 

(514) 683-8292 

New England Rep: Desimone Assoc. Inc. (617) 444-9566 






RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 
• Radhaz & Environmental Impact 

• Simulations of Fields & Phenomena 
Jeremy K. Raines, Ph.D., RE. 

President (301) 279-2972 


Infolytica Corp. (514) 849-8752 

Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 

• motors • magnetizing fixtures 

• transformers • recording heads 

• actuators • NMR applications 

• levitators • magnetic bearings 

• CRT design •etc... 

1140 UeMaisoimeuve, Suite 1160 Montreal, Canada, H3A IMS 


International Compliance Corporation 

Design, Test, & Consuiting 

• FCC Certification/Verification 

• VDE, CISPR, VCCI (Japan) 

• “1992” European Compliance Testing 

• Product Safety: UL, CSA, lEC, VDE 

• Electrostatic Discharge (ESD) 

• MIL-STD 461/462, NARTE-Certifled Engineer 

812 Office Park Circle (214) 221-7071 

Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 






CONTROL SYSTEM CONSULTING 

• Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

• Electrical, mechanical, hydraulic 

• Defense, aerospace, industrial experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 


INDUSTRIAL CONTROLS 

Custom Microprocessor Based Controls 

• Machine Tool Controls • Punch Press Controls 

• Process Controls • Prototype Production 

• Motorola 68xx, 68xxx Systems 

Wintriss Engineering Vic Wintriss, MSEE 

254 Sunset Drive 30 Years Experience 

Encinitas, CA 92024 Phone (619) 436-8889 


INTEGRATED OPTICAL CIRCUIT CONSULTANTS 

Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

R.A. Becker, D. So. 

President 10482 Chisholm Ave. 

(408) 446-9812 Cupertino, CA 95014 






RESEARCH AND DEVELOPMENT ELECTRONICS 


Charles E. Mullett, RE. Karl B. Keller 

MULLETT ASSOCIATES, INC. 

THE POWER SUPPLY DESIGN EXPERTS 

Specializing in switching power supply design 
and prototypes • Design reviews • Product 
testing and evaluation • Magnetics design 
• Mag amp regulators, etc. 

Let us help you! 

5301 Beethoven St., Los Angeles, CA 90066 
(213) 306-4075 


SUMMIT DESIGN 

• Specializing in medical product development 

• Ultrasonic Doppler and imaging 

• Low noise wideband amplifiers 

• Analog and digital signal processing 

• Laboratory and prototyping facilities 

For further information contact: 

Steve M. Gehibach, Ph.D., President 

Kssa Corporation 4701 Patrick Henry Drive tflSOt 

(408) 748-1814 Santa Clara, CA 9S0S4 

Communication Engineering 

Specializing In Spread Spectrum Product Development 
• Systems Analysis • Circuit Design • Stripline & 
Microstrip • Digital Signal Processing • RF Board Layout 
• RF Packaging Design • Systems Integration 
• Pmduction Ramp-up 

Stephen Hatcher, President 

879 Rainier Avenue North, Suite A103 

Renton. Washington 98055; (206) 772-6422 




IRA J. PITEL, Ph.a 

Consulting, Research and Development 

In Power Electronics and Magnetics 

Power Supplies, Inverters, Converters, Motor 

Drives, Lighting Controls, Industrial Controls, 
transformers, and Special Magnetics. 

MAGNA-POWER ELECTRONICS, INC. 

135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


LEONARD R. KAHN, RE. 

Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 


LAN TECHNOLOGY REPORTS 

Newsletters & Librarian Service 

• All IEEE 802 LAN/MAN/IVD sWs. 

• FDDI 1, 2 & beyond 

• FieldBus 

SHIP STAR AssociatBS Bob Crowder, President 

36 Woodhill Dr., #19 Newark, DE 19711 

Tel:302-738-7782, FAX:302-738-0855 

Save Meeting/Travel Cost & Time 
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GREAT 


V E POWER 


Patent Attorney 

Electronics - Signal Processing 

I. lonescu, MSEE, PE, JD 
Patent Office Reg # 33185 
203-381-9400 (fax/voice) 

Box 697, Stratford, CT 06497 


PAST WORK LED TO CURRENT DUMPING & 
TECHNICS CLASS AA. 

SEE ELECTRONICS W( 


LINSLEY HOOD ON SOLID STATE AMPS. 
ALSO GENERAL ANALOG 
U.S.A. WORK ESPECIALLY WELCOME 



Make It in Hong Kong 

• High Performance/Cost 

• Japanese Quality 

• Precious Service 

• Excellect Track Record 


Micro.Research co., lh 


Fax: (852) 858-2693 
181: (852) 559-3031 
IVlex: 74773 MICOR HX 


2977 «/ 


ADTEK 

w Lano 'Thousand Oaks * CA 91362 


CUSTOIM EISA PC HARDWARE & SOFTWARE 
EISA SYSTEMS CONSULTING 
High periormanca PC baseil data acquisition 
Totometiy a^slgnal processing 

TECHNICAL SUPPORT: Richard Boring Bruce Rosner 

(805) 371-5761 


Patent Attorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (213) 459-3992 
Fax: (213) 573-1781 



Tto 3' InP wafer was developed by the talented professionals at Hughes Research Laboratories in Malibu, California. 

Some of the world’s most 
innovative artists use 
this as their canvas. 


That’s because these artists work 
at Hughes Research Laboratories. 
These exceptionai individuals are re¬ 
sponsible for long-range technological 
development for Hughes Aircraft 
Company. They're working at the 
forefront of tomorrow’s technology in 
a wide range of commercial, aero¬ 
space and defense disciplines. We’ve 
developed the world’s fastest transis¬ 
tors (250 GHz). But that’s just the be¬ 
ginning. You can join our important 
efforts and help extend this record 
even further. We currently have the 
following opportunity: 

Member of the Technical Staff 

This is an important position within 
our prestigious organization. You’ll be 
responsible for DC and RF character¬ 
ization of InP-based HEMTs as well as 
development of on-wafer noise figure 
techniques at MMW frequencies. You 
will also act as leader for IR&D tasks 
involving InP-based HEMT technology. 

We’re seeking an individual with an 
MS or PhD in Physics or Engineering 
and extensive experience in RF test of 
microwave and MMW devices. Must 
have knowledge of water testing of S- 
parameters, noise parameters, wafer 
mapping and DC characterization of 


HEMTs. Experience with DC/RF char¬ 
acterization of GaAs 3 terminal de¬ 
vices also required. Knowledge of test 
techniques and semiconductor device 
physics is essential. 

Hughes Aircraft Company offers 
an attractive salary and an outstand¬ 
ing benefits package, including tax- 
deferred savings; medical, dental and 
vision care coverage, exceptional 
educational benefits, plus paid time 
off between Christmas and New 
Year’s. 

For immediate consideration, 
please send your resume to: Hughes 
Research Laboratories, Dept. SEEEI- 
391,3011 Malibu Canyon Road, 
Malibu, CA 90265. Proof of U.S. citi¬ 
zenship may be required. Equal Op¬ 
portunity Employer. 

Hughes. Exploring new worlds 
throughtechnology. 


HUGHES 


RESEARCH LABORATORIES 
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Scanning 

The Institute 


IEEE budget controls 

The 1991 Board of Directors, at its first 
meeting on Jan. 30-31, devised a set of 
budgetary guidelines for the next three years 
with the goal of ensuring a surplus with 
which to replenish declining liquid reserves 
and to support new projects. To make oper¬ 
ating funds available for some new needed 
ventures, facilities, and equipment, liquid 
reserves have been tapped and so have Men 
to under $2 million. For this year, the guide¬ 
lines require major Boards and Committees 
to balance their budgets on a month-by¬ 
month basis, and under no conditions to ex¬ 
ceed the overall budgeted deficit of $550 000 
[THE INSTITUTE, March, p.l]. 

High tech in the Guit war 

The highly visible success of the cruise mis¬ 
sile, stealth fighter, and Patriot antimissile 
missile in the opening round of the United 
Nations’ war against Iraq was due in part to 
unseen support from a network of com¬ 
puters, sensors, and satellites. Meantime, 
airborne radar systems like Awacs and 
JSTAR provided continuous tactical surveil¬ 
lance. One eventual outcome might be a new 
association in the public’s mind between 
high-technology weaponry and reliable pre¬ 
cision, rather than glitch-filled expense 
[THE INSTITUTE, March, p.l]. 

German, Japanese firms aiiy 

Surging Japanese investment in Germany hit 
US $1.08 billion in 1989, in part because the 
country is seen as an ideal base for explor¬ 
ing Eastern Europe and the USSR, and also 
to enlarge Japan’s entree to the European 
Community. The latest major venture is a 
strategic alliance between Daimler-Benz AG 
and Mitsubishi Corp. [the institute, 
March, p.l]. 

SiC to go commerciai 

Hard-to-melt silicon carbide can at last be 
grown in single-crystal form, thanks to a 
modified sublimation process. So research¬ 
ers under the auspices of the National Aero¬ 
nautics and Space Administration are de¬ 
veloping the heat-tolerant devices for 
applications on turbine engines, large space 
power systems, and radar systems for high- 
temperature and chemically hostile environ¬ 
ments [THE INSTITUTE, March, p.3]. 

AT&T’S unkind cut 

One of the four major AT&T links out of 
New York City—an optical-fiber cable 
handling more than 100 000 telephone 
calls—was cut in error mid-morning on Jan. 

4 by a workman and not repaired until late 
afternoon because of further errors. Various I 


New York stock and commodities ex¬ 
changes, as well as voice and data commu¬ 
nications used by air-traffic control facilities 
in the New York City, Boston, and Washing¬ 
ton, D.C., areas, were crippled for upwards 
of 3 hours. AT&T was to report in March on 
the disruption to a New York City task force 
on the reliability and coordination of 
metropolitan-area networks [THE INSTI¬ 
TUTE, March, p.l]. 
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SMART CARS ON SMART HIGHWAYS. Intelligent 
vehicle highway systems would shorten 
travel time, cut down on accidents, and 
reduce fuel consumption and pollution. This 
three-part article describes the ideal goals 
of such a system, what is in prospect in coun¬ 
tries around the world, and socioeconomi- 
cal problems. 

CHALLENGES OF DIGITAL HDTV. Three of the 
simulcast HDTV systems proposed for US. 
terrestrial broadcasting are all digital and 
adopt varying approaches to video band¬ 
width compression, motion compensation, 
and modulation. 

MILITARY SCIENTIST. For half a century, Ivan 
Getting has devoted his scientific talents to 
the US. defense effort. He advised War 
Secretary Stimson during World War II on 
how the US. Army should use radar, and 
later became heavily involved with missile 
development. 

JAPAN’S NUCLEAR POWER. To reduce its de¬ 
pendence on energy imports, Japan plans to 
be generating 43 percent of its electricity by 
2010 from nuclear power stations, up from 
26 percent today; to grow more of its own 
nuclear fuel; to reprocess more spent nucle¬ 
ar fuel at home; and to innovate in reactor 
technology. 

WORKSHOP ON WORKSTATIONS. This section’s 
four major topics will concern: 

• The ergonomics of the engineering en¬ 
vironment, which should minimize eye and 
wrist strain and exposure to CRT radiation, 
for instance. 

• Selection of a workstation for ease and 
efficiency of use in relation to: the type of 
work to be done; general hardware consid¬ 
erations, including workstation architec¬ 
ture; software; user performance; the local- 
area network; and network resources. 

• Boards and peripherals used to upgrade 
workstations, and the bus and channel ar¬ 
chitectures available to integrate them. 

• The impact of very large-scale ICs on the 
performance of servers and workstations. 
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Easily create complex curves & 
surfaces with the graphical Formula- 
Solver"_ 


Choose from 26 graph types for 


business, technical, & scientific data. 


Automate customized graph creation 
with pre-recorded macro & batch files. 


Integrate 2-D and 3-D data on a single 
graph to add meaning and Impact. 


Filter Response 
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3-D VISIONS 


■nr 


Presentation graphics and analysis for scientific users. 


Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It’s simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool’s ■ Intelligent Data 
Cursor™ to read out data points on curves 
& surfaces ■ Linear & non-linear curve¬ 
fitting ■ Unlimited zoom & rotation 

■ Multiple axes in linear, log, or proba¬ 
bility scales ■ Advanced data handling, 
allowing over 268,000,000 data points 

■ Powerful scientific spreadsheet which 
can directly read your Lotus or ASCII files 


■ Unrestricted placement of graphs & text 

■ Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just “point & 
process” with increased productivity and 
greater understanding. 

GRAFTOOL - the right tool for your 
technical solutions. 

GRAFTOOL $495. 

■ Interactive demo available 

■ Academic discounts. 
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DADiSP. The Big Picture in 
Signal Processing 


DADiSP — interactive graphics and data analysis soft¬ 
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from hundreds of analysis functions and graphic views — 

from tables to 3-D. Simultaneously display _ _ 

multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 

Build your own analysis worksheets — 
build and display an entire signal processing 
chain, without programming. And DADiSFs 
powerful graphic spreadsheet automatically 
recalculates and updates the entire chain if 
you change your data or a processing step. 

Do serious signal processing...the way I 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and ^ 
more — all at the press of a key. 

Data Acquisition and Instrumentation Control — 

use DADiSP/LT and DADiSP/488 to collect data from A-D 
boards and instruments directly into a DADiSP window 
for immediate viewing and analysis. 




Flexible, expandable, customizable — annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 
within DADiSP. DADiSP even lets you build 
your own menus. 

A proven standard — already used by 
thousands of engineers and scientists world¬ 
wide, in a whole range of applications like 
medical research, signal processing, chemis¬ 
try, vibration analysis, communications, 
manufacturing quality control, test & 
measurement, and more. DADiSP 
supports the IBM PC and PS/2, SUN, 

DEC VAX, HP 9000, IBM RS/6000 and 
Concurrent families of personal computers 
and workstations. 

GET THE PICTURE! 800-424-3131 
INMA617-577-1133 

Ask for our Evaluation Disk. For more information, write 
to DSP Development Corporation, One Kendall Square, 
Cambridge, MA 02139, or FAX: 617-577-8211. 
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